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Or equal importance almost, with the epoch-making therapeutic 
accomplishments of sulphanilamide, is a precise knowledge of its 
modus operandi, Indeed, as far as the future of chemotherapy is 
concerned, such knowledge may come to be regarded as of para- 
mount importance. Previous to the submission of the experimental 
evidence now to be presented, all of the theories heretofore proposed 
concerned an ultimate mechanism of action in a rather indirect 
way only. That is to say, they seemed to indicate that certain of 
the body’s fluids—such as blood serum, spinal fluid and urine*:®:'74 

either enhanced very materially the action of the drug or vice 
versa, the drug reinforced the naturally rather weak antiseptic action 
possessed by these fluids to the point of therapeutic effectiveness. 
This mutual reinforcement, known as potentiation, has also been 
clearly shown when both sulphanilamide and specific anti-sera are 
administered to the same case.' 5 

However, such observations left entirely unanswered the question 
as to which of these effects is the primary one; nor did they afford 
even a clue in explanation of their antiseptic (bacteriostatic) effect 
in terms of a measurable interference with one or more specific 
biochemical functions of the germ in question. This approach, 
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which is anti-enzymatic in nature, is practically speaking, a dis- 
tinctly new one as far as the history of chemotherapy is concerned, 
and its outlines will now be briefly formulated. 

Essentials of the New Theory. One of the requisites of a good 
bacterial culture medium is that it contain substances that neu- 
tralize the waste products formed by the growth of the micro- 
organism. Thus blood stimulates the growth of hemolytic strepto- 
cocci and pneumococci, partly because one of its components 
destroys the hydrogen peroxide normally formed by both of these 
germs. ‘The substance responsible for this action is the enzyme 
catalase which converts the growth-checking hydrogen peroxide into 
water and oxygen. The hydrogen peroxide is therefore not per- 
mitted to accumulate to levels which would be toxic for the micro- 
organism. The opposite effect is obtained, if for any reason catalase 
fails to function. 

A compound possessing the property of inactivating catalase is 
spoken of as being anti-catalytic. Our experimental evidence indi- 
cates that when sulphanilamide undergoes slight oxidation, it be- 
comes by the same token anti-catalytic. When aqueous solutions 
are exposed for a brief period to ultraviolet light, the anti-catalytic 
property is enhanced several fold.“ The experimental evidence also 
suggests that the oxidative processes going on within the growing 
germ represent the oxidative equivalent of ultraviolet light. The 
net result of the anti-catalytic effect is not to kill the germ neces- 
sarily, but to reduce its growth rate and render it vulnerable to the 
immune forces of the blood serum and phagocytic cells, which 
complete its destruction. Thus a pure chemotherapeutic effect, 
which initially is bacteriostatic only, may become bactericidal as 
the result of a secondary coéperation by the host’s protective powers. 

The question necessarily arises as to how an anti-catalase pro- 
duced from sulphanilamide is capable of inactivating the enormous 
amounts of available catalase, for which the blood or medium con- 
stitutes a reservoir. It is best answered by reference to Chart 1, 
which indicates diagrammatically the state of affairs which may be 
presumed to obtain in the immediate zone about a pneumococcus. 
Here hydrogen peroxide is being elaborated within the cell and 
destroyed by the catalase, which diffuses into it from the environ- 
ment. Sulphanilamide is altered to anti-catalase (AC) by the 
oxidative processes in the cell and as a result, the anti-catalase is 
present in the zone about the organism in maximum concentration. 
This anti-catalase exerts the effect of a barrier, thus explaining the 
consequent accumulation of hydregen peroxide in the same zone. 
Thus, it would appear that the catalase reserves, that is, the total 
amount of catalase present, play little part in the reaction and that 
their neutralization in toto need not be postulated. 

The Experimental Evidence. In order to demonstrate the validits 
of our theory it is first necessary to show that hydrogen peroxide 


SULPHANILAMIDE’S BACTERIOSTATIC ACTION 751 


accumulates in the pneumococcus cultures at the same time that 
their growth is being checked. Such a demonstration has especial 
significance, in view of the fact that slowed growth on the part of 
a culture would naturally yield less peroxide, inasmuch as this sub- 
stance results from the growth activities of the microérganisms. 
Inasmuch as the studies demonstrating this point have already been 
published in their technical detail, the latter will not be repeated 
here. However, the following references are pertinent, Nos. 11, 14 
and 19. 

With the technique employed, detectable peroxide always ap- 
peared between 2 and 3 hours in both sulphanilamide and control 
cultures. From the third hour, retardation in growth was apparent 
in the cultures containing sulphanilamide. The amount of peroxide 
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Cuart 1.—Showing the oxidation of suphanilamide within the germ toenzyme-poison- 
ing substances (AC), thus permitting accumulation of the toxic hydrogen peroxide. 


accumulated in these cultures continued to increase, although the 
growth, as compared with that of the controls, was becoming 
increasingly less (Chart 2). Thus the amount of peroxide per unit 
of bacterial substance became progressively greater in the presence 
of sulphanilamide. The peroxide concentrations attained at the 
5-hour period in the cultures containing sulphanilamide were of 
the same general magnitude as is required to cause a corresponding 
inhibition of growth when peroxide was added to a similar culture 
without sulphanilamide (0.001 to 0.003%). 

A second consideration of paramount importance in connection 
with hydrogen peroxide as a significant implementing factor in 
sulphanilamide bacteriostasis, is its dependence on an adequate 
supply of oxygen. Indeed, it has already been pointed out that the 
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formation of hydrogen peroxide requires time and oxygen, “ points 
of sufficient importance as possible limiting factors in the application 
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CuHart 2.—The anti-enzymatie effect of ultraviolet irradiation on sulphanilamide 


and related compounds. 
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Cuart 3.—Necessity for the presence of oxygen for conversion of sulphanilamids 
to bacteriostatic substances. 
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of sulphanilamide therapy to occluded and rapidly developing infec- 
tion to warrant inquiry and test.’ Therefore, it would be impor- 
tant to show that a progressive decrease in oxygen tension of the 
cultures is accompanied by a decrease in the bacteriostatic effect 
caused by sulphanilamide. The dependence of the inhibitory power 
of sulphanilamide on oxygen has been examined experimentally 
in vitro with reference to the Type I pneumococcus'’™ and the results 
are herewith summarized (Chart 3) 

Results. It is clear from the above chart that the average growth 
inhibition in the presence of air (21% oxygen) is 54%. When a 
10% concentration of oxygen is employed, the inhibition is 40%, 
and the decrease continues until a concentration of 1% oxygen is 
reached, where the inhibition is essentially zero. No hydrogen per- 
oxide was detected in any cultures at lower oxygen levels. Cor- 
respondingly, bacteriostasis almost disappears between the 10 and 
5% oxygen levels. 

There is, however, an important exception to this rule which 
requires explanation. When the oxygen concentration reaches the 
very low level of 0.049, there is stimulation of growth in the 
sulphanilamide cultures; but on still further reduction of available 
oxygen by pyrogallate or hydrosulphite, marked inhibition of growth 
again appears. This paradoxical situation finds plausible explana- 
tion in the peculiar chemical constitution of the sulphanilamide 
molecule. That is to say, the anti-catalase activity appears to 
depend primarily upon the activation of the free amino group by oxi- 
dative processes, while the sulphonamide group may become reactive 
under anaérobic conditions. Reference to formule of sulphanila- 
mide derivatives below shows that the sulphonamide group is sus- 
ceptible to reduction* to sulphides which are rather characteristi- 
cally toxic. It is possible that the reappearance of bacteriostasis at 
extremely low levels may be caused by perceptible amounts of these 
toxic sulphides, which in the infinitesimal amounts produced at 
slightly higher oxygen levels (0.046%) result only in stimulation of 
growth. 

Although there is a paucity of precise information of sulphanila- 
mide’s bacteriostasis under anaérobic conditions, the recent study 

Broh-Kahn? shows that B. coli when respiring under strictly 
anaérobic conditions is inhibited in the presence of sulphanilamide. 
This appears to be due to the drug’s inactivation of the enzyme, 
nitratase, thereby preventing the transfer of the oxygen of sodium 
nitrate to sodium lactate, which is another important component of 
the special medium employed. Practically, the question of impor- 
tance that arises is the extent to which such conditions ever prevail 
in the tissues. The oxygen present in arterial blood, for example, 
has been stated to be 0.6% 


* The sulfonamide group is distinguished by being reduced to the thiophenol 
group with relative ease, as compared to the free sulphonic acid. 
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Assuming the solubility of oxygen in broth to be essentially the 
same as in water, and assuming that equilibrium is attained at the 
higher levels of oxygen concentration, the oxygen present in cul- 
tures with atmospheres containing 21%, 10% and 5% oxygen 
would be 0.5, 0.24 and 0.12% respectively. Thus under normal 
conditions the amount of oxygen present in plasma is adequate for 
the support of a high degree of inhibition by sulphanilamide. 
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Cuart 4.—The rdéle of oxidation-reduction in conversion of sulphanilamide to 
bacteriostatic derivatives. 


The Chemistry of Sulphanilamide Functioning as an Anti-catalase. 
The validity of the theory under discussion may be amplified, not 
to say illuminated, by reference to Chart 4. The rdéle of oxidation, 
reduction, and substitution in the formation of bacteriostatic com- 
pounds is represented here. The larger ring shows the structure of 
sulphanilamide itself, while to the right are shown two steps of 
oxidation toward the p-nitro derivative. To the left is shown the 
hypothetical thiophenol, referred to above as possibly being respon- 
sible for bacteriostasis under anaérobic conditions. Below a typical 
case of substitution in the p-amino group is exemplified by acety! 
sulphanilamide. 

It is a well-known fact that hydroxylamine is a very potent anti- 
catalase. It has been pointed out earlier in this paper that oxidation 
of the type produced by ultraviolet light acting on aqueous solutions 
endows sulphanilamide with marked anti-catalase properties. It 
therefore appears reasonable to select the first step of the oxidation, 
that is, the hydroxylamine derivative, as the seat of this activity. 

It is also reasonable to believe that this compound should be as 
easily produced from sulphanilamide by peroxide- producing pneu- 
mococci and streptococci as the result of equivalent processes of 


~ 
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oxidative disintegration. This belief is supported by the experi- 
ments illustrated in Chart 2, which shows a rise in the level of 
hydrogen peroxide even in the face of a diminishing growth rate of 
the microérganism. It is well known that when sulphanilamide is 
ingested, a large percentage of it is acetylated by the body and 
eliminated in the form whose type formula is seen at the bottom of 
the diagram. It is obvious that acetylation blocks the capacity for 
oxidation. Moreover, this derivative is found to be quite inactive 
therapeutically and, according to the oxidative tenets of our theory, 
we should expect it to be lacking in anti-catalase properties. By 
test we actually found this to be the case. In other words, lack of 
anti-catalase activity and therapeutic inactivity go hand in hand 
(Chart 5). 
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Cuart 5.—Accumulation of hydrogen peroxide in sulphanilamide-containing cultures, 
even in the presence of a diminishing growth-rate. 


Recent findings on another class of compounds have shown that 
the hydroxyl-amino group need not reside in the para position. 
The sulphonhydroxamides, which may be devoid of any para sub- 
stituent, but which have a preformed hydroxyl-amino group attached 
to the sulphur atom, possess definite anti-catalase properties and 
correspondingly strong bacteriostatic power. However, there is as 
vet no evidence that the hvdroxamide group can be formed from the 
amide group in vivo and hence in the case of sulphanilamide the 
activity must be referred to the p-amino group. 

Thus it would appear that the anti-catalase property of the drug 
is associated with a mild oxidation of the p-amino group. When 
ultraviolet light is used as the oxidizing agent, colored compounds 
are simultaneously produced. Estimations of the anti-catalase 


756 MELLON, LOCKE, SHINN: 


activity of irradiated and non-irradiated solutions of sulphanilamide 
showed that a marked increase in this activity appeared simulta- 
neously with the development of such colored oxidation products. 
However, the anti-catalase derivatives were clearly not identical 
with the colored products. 

Irradiation of 17 compounds related in structure to sulphanilamide 
showed that color—and therefore anti-catalase activity —was gen- 
erally produced when the p-amino group was free, and the sulphon- 
amide group was free or either partially or wholly replaced by an 
alkyl] For example, no color was produced by compounds 
which have substituents in the p-amino groups, and this finding 
corresponds with what we have observed with sulphanilamide itself, 
as a result of its acetylation. But the presence of the sulphonamide 
group may be related to color production indirectly, inasmuch as no 
color was elicited by irradiation of compounds in which this group 
was replaced in whole or in part by ary! substituents. 

The Oxidation-reduction Potentials Method and Its Bearing on Sy 

Anti-catalase Theory. By making use of electrical methods it is 
now possible to measure with a high degree of accuracy the “ete 
tion in bacterial cultures of oxidizing or reducing substances. The 
method is of especial value when the amounts of the substance to 
be detected are minute, and when it is desirable to know the amounts 
being formed at brief intervals of time. However, the method gives 
no indication of the chemical identity of the oxidizing or the reduc- 
ing agents elaborated by the growing cultures. The curve shows 
an elevated potential in the presence of oxidizing substances, and 
the opposite when reducing substances are formed. 

Thus in cultures where peroxide was accumulating we should 
anticipate an elevated potential, and a stationary or falling po- 
tential if peroxide was being destroyed by catalase as fast as 
it was formed. In like manner the addition of reducing agents 
results in a falling potential. From two independent sources® 
has come information covering these and related considerations. 
The subtended table (1) correlates their findings with our own. 
Although the two experimental approaches are different from the 
ones employed by us, they are mutually supplementary and should 
therefore be harmonious. 

The elevated potential of the sulphanilamide-containing cultures 
contrasts with the falling one in normal cultures and is wholly 
consistent with our findings of increased peroxide production in the 
presence of sulphanilamide. In correspondence too is the effect of 
cystein whose anaérobic proclivities within the cultures have the 
same net result as our rather different method of withholding oxygen 
from the organism. Likewise, the lowering effect of catalase on the 
potential which is in contrast with the elevating effect of the anti- 
catalytic sulphanilamide. Pointing in the same direction is the lower- 
ing effect of acetyl-sulphanilamide which, as has been pointed out 
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above, has no anti-catalase effect either before or after irradiation 
with ultraviolet light. The well-known therapeutic effect of sulpha- 
pyridine against pneumococcal infections would be anticipated to 
produce a rising potential as the result of its réle in effecting an 
accumulation of hydrogen peroxide, which was confirmed in our 
tests for it. In fact, it was somewhat more effective than sulphanil- 
amide itself. 

Morphologie Aspects of Sulphanilamide s Action. In a previous 
paper’ we have taken the position from the experimental data then 
available that the chain formations characteristically resulting from 
sulphanilamide’s action were not merely “involution forms,” which 
incidentally was the only interpretation given them up to that 
time. On the contrary, we regarded such pleomorphic structures 
as distinct phasic entities, although it was admitted that their 
isolation in culture would constitute the only proof for such a 
contention. 

The experiments substantiating this point of view have recently 
been published in preliminary form.'’® They show that not only a 
chained culture phase of the pneumococcus is isolatable, but a 
hacillary, diphtheroid-like phase, as well as a micrococcus-appearing 
organism. In short, a dissociative gradient of culture phases has 
been revealed, which culminates in a loss of the organisms’ specific 
capsule. Moreover, there is a diminishing metabolic gradient, show- 
ing suppression of methemoglobin production, inulin fermentation, 
hydrogen peroxide production, and virulence. All culture phases 
are reversible to the original mucoid colony of highest virulence. 
Virtually all stages showing the morphologic gradient are phago- 
eyvtable, which lends to the variability changes in the germ a sig- 
nificance of paramount importance, chemotherapeutically speaking. 


ABLE 1 OXIDATION-REDUCTION POTENTIALS IN HEMOLYTIC STREPTOCOCCUS CUL 
rURES CorRRELATED FORMATION AND BACTERIOSTASIS 
IN PNEUMococcUS CULTURES. 


eH.t Hee. Stasis. 
Normal culture, no sulphanilamide Falling 
Culture and sulphanilamide Rising 
Culture and sulphanilamide Rising 
Plus cystein Falling 
Culture and sulphanilamide Rising 
Plus catalase Falling 
Culture and acetyl-sulphanilamide* Falling 
Sulphapyridine Rising 


* This compound, therapeutically inactive, has no anti-catalase either before or 
ifter irradiation with ultraviolet 

t Compiled from published reports of Fox, German, and Janeway,* and Warren, 
Street, and Stokinger.? 


Discussion. ‘The most inscrutable aspect of sulphanilamide’s 
behavior lies in its therapeutic efficacy against such diverse species 
of bacteria as hemolytic streptococci, pneumococci, gonococci, men- 
ingococci, and B. coli. The fact that all of these organisms produce 
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hydrogen peroxide and that they are all rather highly sensitive to 
its toxic effect, offers plausible explanation for the drug’s broad 
therapeutic coverage. Moreover, as McLeod” has shown, when 
the hydrogen peroxide-producing power of the pneumococcus is 
suppressed, it is no longer vulnerable to the drug; in this case, 
sulphapyridine. 

On the other hand, enzymes other than catalase are affected either 
directly by the drug or possibly secondarily by the toxic action of 
accumulated hydrogen peroxide which is known, for example, to 
inactivate the proteolytic enzyme, papain.'® We have evidence 
that peroxydase is adversely affected'® and McLeod" has shown 
that certain dehydrogenases are inactivated; while Broh-Kahn? has 
shown that nitratase may also be poisoned. In other words, we are 
sponsoring an anti-enzymatic conception without, however, limit- 
ing the effect to a single enzyme. Moreover, inasmuch as such 
effects appear to be implemented by oxidation-reduction mechan- 
isms, the conception does not exclude toxin-inactivation as supported 
by Carpenter.’ Toxins are notoriously susceptible to oxidation. 

The oxidative-enzymatic theories are rather generally supported 
by clinical evidence. That is to say, virtually all of the infections 
decisively influenced are of aérobic nature. An exception is the 
staphylococcus, which, however, is prone to form localized abscesses 
even when the infection is generalized. The highly reducing nature 
of these lesions is regarded as preventing the oxidation of sulphanila- 
mide that conditions its anti-enzymatic effect. Whether this 
explanation is completely adequate will perhaps be apparent when 
more is known of the action of the sulphathiazoles, which appear 
especially promising in their effect against this organism. 

It is also possible that the protein degradation products present 
in abscesses may condition the action of the drug in accordance with 
mechanisms that are not anaérobic. Our previous demonstration 
of the decisive action of sulphanilamide against B. coli in urine, but 
not in peptone-containing media, was sufficiently clear-cut to leave 
no doubt of the importance of environmental factors. In fact, they 
may result in multiplying the effect of the drug many times. This 
potentiating action, as it is called, is particularly conspicuous when 
anti-sera are combined with the drug. 

The only formidable objection that has been raised to the per- 
oxide-catalase theory is the claim of Fuller and Maxted’ that 
Type 3 hemolytic streptococci did not produce hydrogen peroxide. 
Since the recent demonstration by the Hadleys® that these Type 3 
strains could readily be dissociated into phases which produced 
abundant hydrogen peroxide, the objection would seem to have 
lost most of its force. 

Conclusions. 1. The free amino group of sulphanilamide when 
incompletely oxidized becomes poisonous for catalase, as a result 
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of which the toxic hydrogen peroxide produced by many pathogenic 
organisms is permitted to accumulate in their cultures. 

In addition to catalase, other enzymes are adversely affected 
by the intermediate oxidation products of the sulphonamide com- 
pounds. As known so far, they are peroxydase, certain dehydro- 
genases, and nitrotase. The nutrition of the bacteria is thus 
seriously affected, and bacteriostasis results. 

The effect of such bacteriostasis against pneumococci in vivo 
is to bring about their “dissociation” into culture phases, whose 
principal metabolic functions, including hydrogen peroxide forma- 
tion and virulence, are so critically suppressed that the organisms 
fall easy prey to the destructive action of the phagocytes. 
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THE EFFECT OF SULPHANILAMIDE COMPOUNDS ON 
ENDOCARDITIS. * 


By H. Masor, M.D., 


PROFESSOR OF MEDICINE, UNIVERSITY OF KANSAS SCHOOL OF MEDICINE, 
KANSAS CITY, KANSAS. 


(From the Department of Internal Medicine, University of Kansas Hospitals.) 


In discussing any therapeutic measure which seems to have an 
effect on certain cases of infectious endocarditis, three outstanding 
criteria must be satisfied. First, a diagnosis of endocarditis must 
he established with reasonable certainty ; second, we must remember 
that spontaneous cure of subacute infectious endocarditis occasion- 
ally occurs; and third, variation of the virulence of certain infections 

* Presented before the meeting of the American Clinical and Climatological Asso- 

iation, Saranac Lake, New York, October 11, 1939. 
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from year to year is a well-known fact of epidemiology, a possible 
factor when considering the experience of Capps.' 

The diagnostic triad which has been rather generally accepted 
for the diagnosis of subacute infectious endocarditis or endocarditis 
lenta is the presence of petechiz, splenomegalia, and S. viridans in 
the blood stream. The relationship of this triad to give the correct 
diagnosis of endocarditis lenta is discussed in detail in a recent 
paper by Middleton and Burke,’ which is based on the study of 
88 cases. These authors found that in their series petechie were 
present in 60°, a palpable spleen was found in 70°% of the cases, 
and streptococci in 70° of the cases. It is noteworthy, however, 
that 10° of their cases had no blood cultures and 13°; were nega- 
tive from | to 6 times. 

We have recently made a study of our own cases during the past 
6 years, some 15 in number. While this number is not of the magni- 
tude of many studies reported in the literature, vet from our point 
of view, it has the advantage that every patient was studied per- 
sonally, examined many times, and followed to necropsy. In our 
series, petechie were present in only 50° of the cases, enlarged 
spleen in 60°, and positive blood cultures in every case but one. 
The existence of cases of endocarditis lenta with negative blood 
cultures is too well established, of course, to be doubted, although 
the question may still be open as to whether the blood stream itself 
is actually sterile or whether the culture methods employed may 
not have been favorable for growth. Our observations indicate 
that the presence of S. viridans in the blood stream in conjunction, 
of course, with fever and heart murmur is the most important and 
constant finding in endocarditis lenta. Streptococcus viridans, of 
course, appears from time to time in the blood stream without 
endocarditis, the result of bacterial invasion from elsewhere. We 
have seen 2 such cases from subcutaneous infections in which the 
same organism was recovered from the blood stream. In such 
patients, however, the positive blood culture lasts only a few days 
or even hours. In our experience the presence of S. viridans in the 
blood stream in three to five cultures over a period of 1 to 2 weeks is 
almost convincing proof of the evidence of endocarditis when the 
other signs are present. 

During the past 5 years we have seen an increased interest in the 
treatment of streptococcic infections which is directly traceable to 
the work of Domagk, who demonstrated the specific effect of dyes 
containing sulphanilamide upon streptococci, particularly the beta 
streptococcus, better known as the hemolytic streptococcus. This 
work is so familiar that a review of it is quite unnecessary. The 
effect produced by prontosil or sulphanilamide upon streptococci, 
and as it was later shown on pneumococci as well, quite naturally 
suggested its employment in the treatment of subacute infectious 
endocarditis. 
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In 1938 Hussey* reported—in his own words—a case of “‘probable 
bacterial endocarditis, apparently cured with  sulfanilamide.”’ 
As he himself notes, his diagnosis is open to question since the first 
two blood cultures were sterile, while the third one showed a hemo- 
lvtic streptococcus. On the fifth day the patient had an elevation 
of temperature of 103.6°. Subsequent blood cultures were sterile. 
The patient received sulphanilamide for 25 days, and was dismissed 
from the hospital apparently cured 4 weeks after discontinuance 
of the sulphanilamide therapy. This clinical history obviously 
bears little resemblance to a typical subacute endocarditis, and the 
diagnosis of hemolytic streptococcus septicemia would seem more 
likely. Spink and Crago,’ reported the beneficial effect of sulphanil- 
amide on 2 out of 12 patients suffering from subacute infectious 
endocarditis. 
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Fic. 1.—Temperature chart, Patient 1. 


Case 1.—On April 13, 1938, a patient was admitted to the University of 
Kansas Hospitals, and was subsequently diagnosed as subacute infectious 
endocarditis. This patient had been under observation in the Out-Patient 
Department for 8 years with the diagnosis of mitral and aortic valvular 
disease. On several occasions she had been sent home and put to bed for 
marked cardiac failure. 

One month before admission to the hospital, the patient had an abortion 
which was followed by chilly sensations and some fever. These symptoms 
apparently lasted only 2 or 3 days, following which she felt perfectly well. 
One week before admission to the hospital she began to have chills and 
sweats every afternoon, and apparently some fever. 

On admission to the hospital the patient showed an enlargement of the 
heart. There was a systolic murmur at the apex and a diastolic murmur 
over the aortic area. The spleen was enlarged and there were a few petechize 
over the neck. She showed a moderate secondary anemia. 
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Fic. 2.—Temperature chart, Patient 1 
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Section of heart valve, Patient 1. 
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Laboratory examination showed red blood cells 3,940,000, with 78% 
hemoglobin, leukocytes, 17,500. Blood culture, taken on the day of admis- 
sion, was positive for S. viridans, as were blood cultures on April 14 and 15. 

The patient was started on prontosil, 10 ce. intramuscularly twice a day, 
and 10 grains of sulphanilamide four times a day. Ten days later the pron- 
tosil was given intravenously, 10 cc. doses t.i.d. for 2 days and then twice 
a day until May 13, at which time the treatment of prontosil was discon- 
tinued. The patient’s temperature did not go above normal on April 26, 
13 days after beginning the treatment, and from that time on it remained 
normal. Blood cultures taken on April 23 and 27 and May 2, 7, 11, 17 and 
20 were negative. On May 5 the patient’s spleen was no longer palpable. 
The temperature curve of this patient was very striking (Fig. 1), but even 
more striking are the sedimentation charts at various periods (Fig. 2). 

One month after the patient’s temperature had become normal she died 
from what appeared to be cardiac failure. We were much disappointed, 
naturally, since we felt we had cured the patient from subacute endocarditis 
only to have her die of cardiac failure. However, we were comforted by the 
fact that it would give us the opportunity to study the patient’s heart. 
The study of this heart showed that the patient had both an old aortic and 
mitral lesion, and in addition to this, a recent endocarditis on both valves, 
which was in the process of healing, the healing being more marked in the 
aortic valve (Fig. 3). The cultures taken from the valves were sterile, and 
microscopic sections gave abundant proof that healing was taking place. 


This experience with prontosil filled us, naturally, with a desire 
to try further the effect of sulphanilamide and allied compounds 
in the treatment of endocarditis. 

The work of Maegraith and Vollum,’ who found sulphapyridine 
to have a particularly marked bacteriostatic effect on the S. viridans, 
suggested the employment of this drug. Soon after, we had an 
opportunity of testing it out on a patient. 


Case 2.—W. G., aged 36, was admitted to the University of Kansas 
Hospitals March 10, 1939. The patient had had rheumatic fever at the 
age of 14, which left him with a mitral lesion. The present illness began 
1 month before admission to the hospital, at which time the patient ob- 
served that he had a daily evening temperature varying from 101° to 102°. 
Blood cultures at the time of onset showed S. viridans. Four other blood 
cultures were positive. The patient went to bed 3 weeks before admission 
to this hospital, and during that time received 1350 grains of neoprontosil 
by mouth, and 190 ec. of neoprontosil intramuscularly. Dr. Corrigan, of 
Wichita, Kansas, kindly referred him to us for further treatment. At the 
time of his admission he showed a temperature of 101.6°, a moderate 
anemia; R.B.C., 3,610,000 with 66° hemoglobin and 14,000 leukocytes. 
Blood cultures on that day showed S. viridans. He was started on sulphapy- 
ridine, 1 gm. every 6 hours. His temperature fell to normal in 24 hours 
(Fig. 4), and he showed no further positive blood cultures, although they 
were performed regularly three times a week. He was dismissed from the 
hospital on April 22, 1939, and remains well up to the present time. The 
patient’s sedimentation chart is eloquent witness of improvement in his 
condition (Fig. 5). 

Case 3.—The next patient who showed a favorable response to therapy 
was a white woman, aged 40, who was admitted to the University of Kansas 
Hospitals on August 2, 1939. She had not been in good health for 2 years 
and for 2 or 3 weeks before admission to the hospital she noticed fever in 
the evenings accompanied occasionally by a chilly sensation. Physical 
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examination showed cardiac enlargement, systolic thrill and murmur at 
the apex. No petechiz were seen, but the spleen was easily palpable two 
fingers’ breadth below the costal margin. The patient’s temperature in 


SULFAPYRIDINE 
1024 
|W.G 
1014 
100-4 
994 
/ / / 

984 / 

T T T T T T T 
3-10-39 13 i4 15 6 17 18 19 20 22 

Fic. 4. Temper iture curve, Patient 2 

04 

54 

104 

154 

20 4 

25 

3-13-23 
304 
354 
W.G 


0 5 10 15 20 25 30 35 40 45 50 55 60 65 
Fic. 5.—Sedimentation rate, Patient 2. 
the first few days after admission varied from 99° to 101°. The blood 


examination showed R.B.C., 4,130,000: W.B.C., 6300: hemoglobin, 59°;. 
Three blood cultures showed the presence of S. viridans. Treatment with 
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sulphapyridine, 6 gm. daily, was commenced on August 12. Blood cultures 
taken on August 12 and 13 were negative. On August 14, S. viridans was 
present in the blood stream. This was the last positive culture obtained. 
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Fig. 7.—Sedimentation rate, Patient 3. 
Since this period the patient has had 3 blood cultures weekly; they have 


all remained sterile. The patient showed marked improvement in her sub- 
jective symptoms and the spleen gradually receded in size and at present is 
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rather palpable on some days while on other days it cannot be felt. The 
temperature curve and the blood sedimentation rate are shown in 
Figures 6 and 7. 

While this is too short a time to say positively that the patient has 
recovered from the infection, we are, however, justified in saying that 
clinically she has shown outstanding improvement and bacteriologically, 
her blood stream is sterile. 


In contrast to these 3 patients who apparently recovered from 
subacute infectious endocarditis there were 4 patients who died. 


Case 4.—The first patient was a colored man, aged 24, who was in the 
hospital for 1 month and was treated with prontosil, receiving in all, 15 gm. 
His blood cultures remained positive and he died 2 weeks after leaving the 
hospital. 

Case 5.—The second patient was a girl, aged 17, who showed on physical 
examination the signs of pulmonary stenosis and a patent ductus arteriosus. 
She was in the hospital from November 25, 1938, to March 9, 1939. She 
received, during this period, 58 gm. of prontosil and 58 gm. of sulphapy- 
ridine and showed 21 positive and 17 negative blood cultures. She died 
5 months later. Autopsy showed a patent ductus arteriosus and very 
profuse vegetations. 

Case 6.—The third patient, a young man, aged 22, who was treated 
from July 1, 1939, and died on August 14, 1939, received 162 gm. of sulph- 
apyridine and 3 gm. of prontosil. The last 4 blood cultures were negative. 
Autopsy showed a healing endocarditis, acute and chronic nephritis, and 
an advanced adhesive pericarditis. 

Case 7.—The fourth patient was a man, aged 27, who was a patient in 
the hospital from February 27, 1939, until his death on September 16, 1939. 
He was treated with sulphapyridine and while under treatment showed 
negative blood cultures from March 20, when treatment began, until nearly 
5 months later. Treatment was discontinued on July 28, and the blood 
cultures became positive on August 10. Treatment at this time was re- 
newed and the blood cultures became negative and remained so until his 
death 5 weeks later. Autopsy showed an endocarditis and a massive cere- 
bral hemorrhage. Although this patient showed negative blood cultures 
for 6 months and occasional afebrile periods, his sedimentation rate re- 
mained unchanged throughout—the picture of an acute infection. 


Our experience of the past year shows then that we have had 7 
cases of endocarditis which have been treated with sulphanilamide 
or sulphanilamide compounds with 3 apparent recoveries. 

The question as to whether these recoveries were due to the 
specific therapy cannot, perhaps, be positively answered at this 
time. Further experience may be necessary. Such a conclusion, 
however, would seem to be tentatively justified. 

As mentioned above, we saw no recoveries whatever in our last 
15 consecutive cases, whereas we have seen a number since with 
sulphanilamide compounds. Ellis? noted that in 2 patients with 
subacute bacterial endocarditis, treated with sulphanilamide, that 
the drug apparently had a marked effect on the temperature and 
improved the clinical condition of the patient although the later 
outcome was not stated. Ravina describes a patient in whom the 
temperature fell, and the patient was clinically improved by the 
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use of sulphapyridine. Whitby" has described the use of sulpha- 
pyridine in 3 cases of subacute bacterial endocarditis with improve- 
ment in general health and comfort, and with marked falling in 
temperature. The effect upon the temperature may not, however, 
be specific, since there is evidence that this drug has temperature- 
lowering effects. We have, however, also noticed striking improve- 
ment in the patient’s clinical condition, and even in the patients 
who did not recover, administration of this drug was followed, 
usually, by an alteration in the blood cultures. Negative blood 
cultures became more frequent; the number of organisms seemed 
to be definitely reduced, and certain changes in the morphology 
of the cocci appeared. 

The response to the drug varied in different patients in this 
series. The first patient who recovered from the endocarditis 
received only 15 gm. of prontosil and 5 gm. of sulphanilamide in 
the course of a month. The second patient, who showed no response 
whatever received 25 gm. of prontosil in 1 month. The third 
patient, who also showed no improvement whatever, received a total 
of 50 gm. of prontosil and 95 gm. of sulphapyridine. 

The next patient who recovered received 144 gm. of sulphapyri- 
dine. The dosage was 4 gm. a day for 36 days. Fortunately, this 
patient could take the drug without vomiting or nausea. Later 
this patient’s blood was examined for the sulphapyridine content 
on different days and at different hours of the day — nine determina- 
tions in all being made. The sulphapyridine content of the blood 
never fell below 4 mg. per 100 cc. and was usually from 4.5 to 4.95. 
The second patient on whom sulphapyridine was used and in whom 
failure was recorded, showed on one occasion the sulphapyridine 
at 5.6, but an average that was 3 mg. or less. 

The last patient who apparently recovered, took sulphapyridine 
by mouth with little or no discomfort. She has received 6 gm. per 
day for 43 days. The blood sulphapyridine content has varied from 
1.58 mg. to8 mg. per 100 cc. After the first 3 days it was constantly 
above 3 mg. per 100 cc. She has received 258 gm. of sulphapyridine 
in all, with no bad effects. The blood count improved from 4,130,000 
on August 3, 1939, to 4,590,000 on September 20, 1939. The hemo- 
globin on August 3, 1939, was 59°, and on September 20, it was 
83%. The differential count remained normal. 

Conclusions. Our series of cases, while extremely small, shows a 
much higher percentage of recovery than reported by any of the 
other authors except Oille, Graham and Detweiler.. The very 
prompt fall of temperature, appearance of negative blood cultures, 
disappearance of the enlarged spleen, and markedly improved well- 
being of the patient, seen after the therapy was instituted, suggests 
very strongly that we are dealing with a specific effect. I realize, 
however, that endocarditis lenta, in many instances, is essentially 
a chronic disease, lasting for months and sometimes years. For this 
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reason, time will probably speak the decisive word. Meanwhile, 
we are, however, safe in drawing the following conclusions: 

1. Patients with endocarditis lenta, treated with prontosil and 
sulphapyridine, in some instances show a fall of temperature to 
normal, the disappearance of the organisms in the blood stream. 

2. It is possible that in some cases where the vegetations were 
small, healing may follow. In other cases where the vegetations 
were more extensive the organisms will probably live for a long time 
embedded at the base of the vegetations although the blood stream 
remains sterile. 

3. The blood sedimentation rate has been of great value in deter- 
mining the activity of endocarditis. In the cases which apparent] 
recovered, the blood sedimentation rate has become normal. In 
certain other patients, even though the temperature had fallen to 
normal and the blood stream remained sterile, the sedimentation 
rate was that of an acute infection and made us very suspicious 
that the processes remained active, a suspicion confirmed by the 
subsequent course of events. In 2 such patients the cessation of 
sulphapyridine resulted in the organisms reappearing in the blood 
culture. 


Addendum—Cases 2 and 3 are clinically well on March, 1, 1940 
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(From the Department of Medicine, Flower and Fifth Avenue Hospitals.) 
FoLLow1nc the first description of sickle-cell anemia by Herrick" 
in 1910, it was thought for a number of vears that this disease was 
confined exclusively to people of the Negro race. The occurrence 
of the disease in white persons, however, was reported by Cooley 
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and Lee,** Pincus and Rosenfeld,'® Clarke,* Cooke and Mack,’ 
Haden,” and Weiner.” These cases, 11 in all, constitute authentic, 
unchallenged instances of this interesting disease. ‘The majority 
of the cases occurred in persons from Mediterranean countries, 
especially Italians. Although additional cases have been reported, 
they have been questioned for several reasons because of failure to 
show sickling with microphotographs, mistaken elliptical red cells 
for sickle cells and because of the great likelihood of the admixture 
of negroid blood in geographical locations, where inbreeding is 
obviously quite Excellent contributions dealing 
with the various aspects of the disease have been ably described 
by many 


CHART 1 Black re« tangles indicate those who showed sit kling of the erythro- 
cytes. To the right the mother and the two daughters; to the left, the a 
son 


unt and her 


This communication is concerned with a report of the study of 
23 members of a white Italian family of Sicilian birth or extraction, 
5 of whom showed sickling of the red blood cells (Chart 1). The 
ancestors of this family were born and lived in Naro, Sicily, the 
parents of the persons whose cases are reported immigrated to the 
United States 32 years ago. 


Case Abstracts. Case 1. Lena A., a white female, born in the United 
States, aged 22, entered the hospital on March 17, 1939. Present ill- 
ness began 2 weeks before admission, when she suffered with weakness, 
nalaise, epigastric distress followed by abdominal pain radiating to the 
ack, pains in the extremities with localized areas of exquisite tenderness 
ind swellings which were migratory in character, palpitation, dyspnea, 
slight dysmenorrhea, nocturia three or four times and loss of 8 pounds in 
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weight since onset of illness. She noticed that the sclera were yellow, the 
urine dark red and stools light colored. An identical episode occurred at 
the age of 9 and recurred approximately every 6 months. The icterus, the 
pain in the abdomen and the extremities would subside; except for occa- 
sional weakness and pains in the limbs she remained fairly well for a period 
of 3 years preceding the onset of the present attack. 

Past History. Varicella and two attacks of pleurisy in the left chest, 
tonsillectomy 2 years ago. 

Family History. Parents were born in Italy. Father died of heart dis- 
ease at the age of 57. Mother, one sister and two brothers are alive and 
well. 

Physical Examination. Patient is fairly well nourished. She appears 
acutely ill: pallor, weakness and general malaise, temperature 101°, pulse 
90, respiration 25. The features are not coarse, hair is abundant, straight, 
brown in color. Sclerz are subicteric. There is no adenopathy, no thyroid 
enlargement. Chest: small area of tenderness over left anterior chest in 
the first and second interspaces, no redness or swelling. Lungs: are nega- 
tive. Heart is slightly enlarged, systolic thrill felt over apex and a systolic 
murmur at the apex not transmitted. Blood pressure: 104 mm. Hg. sys- 
tolic, 68 diastolic. The liver percusses three fingers below costal margin. 
Right kidney is palpable and tender. Positive right Murphy sign. Spleen 
is not palpable. Extremities: right arm is swollen and exquisitely tender 
on the inner aspect, no induration, redness nor heat. Right leg, anterior 
middle one-third is bluish-red and very tender; left leg shows slight pretibial 
tenderness, no swelling nor discoloration. Skin is free from eruptions or 
ulcerations. Neurological examination is negative. 

Laboratory Data. Blood count on admission: Hemoglobin, 62°), red 
blood cells, 4,700,000; white blood cells, 31,000; platelets, 225,000, color 
index, 0.66. Differential count: neutrophils, 84°;, lymphocytes, 11°, 
monocytes, 4%, eosinophils, 1°%. Erythrocytes showed marked aniso- 
cytosis, macrocytosis and microcytosis, polychromatophilia, hypochromia, 
normoblasts, macroblasts, coarse basophilic stippling and reticulocytosis 
(see also Table 1). Icterus index ranged between 12 to 4. Fragility of red 
cells to hypotonic saline began at 0.347, and was not complete at 0.28%. 
Van den Bergh was positive, delayed, direct. Sedimentation rate 18 mm. 
in one-half hour and 26 mm. in 1 hour. Bleeding time, coagulation time 
Rumpel-Leede and clot retraction were all normal, blood Wassermann was 
negative. Blood proteins: serum albumen, 3.63; globulin, 2.26. Blood 
chemical findings in mg. per 100 ec.: glucose, 101; NPN, 33; creatine, 1.7; 
cholesterol, 160. The CO, combining power was 55 vols. ©. No auto- 
agglutination present. Urine: Sp. gr., 1,012; albumin trace, moderate 
number of hyaline casts, rare erythrocytes and leukocytes, bile negative, 
urobilin present in the 1 to 10 dilution, cevitamic acid, 0.8 mg. per 100 ce. 
urine, occasional hemosiderin crystal, no hemoglobin. Basal metabolism 
—5%. Electrocardiogram normal. Roentgen ray studies: liver enlarged 
and ptosis of right kidney; no biliary calculi; chest, skull and long bones are 
negative. 

On two occasions wet preparations were studied for sickling with nega- 
tive results. On April 16, 1939, 4 weeks after admission, one of us repeated 
the test and definite 100% sickling was observed within 24 hours (Fig. 1). 
This was repeated several times with similar results. The stained blood 
smears showed very few sickle-cells. Sternal marrow puncture: presents 
a picture of hyperplastic normoblastic marrow. 

Course. With bed rest and symptomatic treatment 3 days after admis- 
sion the fever, abdominal pain and pain in the extremities subsided. The 
appetite improved but weakness continued. On March 31st, 14 days after 
admission, patient complained of pain in left anterior chest over the first 
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and second ribs, 1 inch from the sternum. Two tender, firm, nodular sub- 
cutaneous swellings appeared which subsided in 48 hours. She was out of 
bed and gained weight and was free from symptoms. She was discharged 
on April 26, 1939 (40 days after admission). She remained well until July 21, 
1939, when she complained of pain, swelling of the left arm; this was quite 
tender over the outer aspect and subsided within 3 days. 


TABLE 1 BLoop FinpiInGs In Case 1. 


62 | 4.7 | 31.0 | 84 11 4 2 | Aniso-, macro-, microcystosis, polychro- 
masia, hypochromia 

22| 63 | 3.6 | 26.4 | 66 63 | 25 2 7 | Hypochromia, marked basophilic stip- 
pling 

27 3.3) 259) € 27 13 | As above 

44 62/41 17.8 | 72 67 14 11 As above 

4/5 oO 4.7 | 27.2 70 7 | 63 12 12 5 l 1S | Marked aniso-, macrocytosis 

4/6 65) 4.9) 16.9) 71 5 | 66 | 25 i 1] As above 

4/il 59 1 | 58 | 32 6|2 1) 4 11 | Hypochromia, aniso-, poikilo-, macro- 
cytosis, stippling 

4/13 60 2 58 | 27 9/4 14 | Hypochromia, anisocytosis, few sickle- 
cells seer 

4/1 6 2 8 | 30 8 | 2 13 | Anisocytosis, hypochromia, W. P: 10 
sickling 

4/17 | 62 | 5.1 | 18.9 | 65 | 17 | 48 | 2 1/3 8 | Many sickle-ce anisocytosis, W. P 
1% positiv 

4/19 9 »| 25 9; ¢ l 22 | As above 

1/24) 4.3 | 18.7] 63 54 28 21 | Anisocytosis, many sickle-cells. 

7/21 | 62 | 4.5 | 26.9 | 70 3 | 67 16) 13) 1 5 | 31 Hypochromia, aniso-, poikilocytosis, poly- 
chromasia, stippling, Howell-Jolly body, 
W. P. 10 


W. P.= wet preparation for sickling. 


It is obvious from the clinical course and hematological findings that this 
patient presents the typical picture of sickle-cell anemia in its acute phase. 

Accordingly, all the available relatives of the patient were requested for 
xamination. Twenty-two other members of the family were studied for 
the sickle-cell trait, 4 of whom showed this phenomenon with 100% sickling 
n 24 hours. These included the patient’s mother, and a younger sister 9 
ears old, an aunt 26 years old and her son 6 years of age. Because of 
typical features in the case of the child of 9, we wish to report her as the 
econd case of sickle-cell anemia in this series. 

Case 2.—Laura A., aged 9, has had measles, pertussis, otherwise enjoyed 
cood health. Examination reveals a fairly well nourished Italian child 
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with features similar to those of her sister. The positive findings consist of 
slight pallor, sub-icteric tinge to the sclera, spleen palpable 3 fingers below 
left costal margin and liver felt 1} fingers below right costal margin. Icterus 
index of 15. Decreased fragility of erythrocytes which began at 0.36 and 
was not complete at 0.28. Blood counts are recorded in Table 2. Van den 
Bergh positive delayed. 

This patient presents the typical picture of sickle-cell anemia without 
having developed any subjective symptoms of the disease up to the present 
time. 

The remaining 3 patients showed no evidence of anemia, 7. ¢., are exam- 
ples of sicklemia. Blood studies in these cases are recorded in Table 2 


TaBLeE 2.--BLoop FINpINGS IN 2 TO 5 
Case 2 | 4/18| 58 | 4 150) 6600 | 51} 2 | 49 | 4 \ 
wia. W. P 10 
Case 2 | 7/21 66 | 4.7 9200 | 47| 3 | 44) 44/7/1/1/2 \ noik hypochromia 
} asia. W. P. 101 
Case 3 | 4/18 | 84 | 4 610) 9800 | 64) 2| 62 27/7) 2 No abnormal ce W. P. 100 
Case 3 | 7/21 | 84 | 4.380) 7700 W. P. 10 
Case 4 | 5/2 W. P. 106 
Case 4 | 8/5 | 94 | 4.900! 7800 | 56 | 5 | 51 1 | Noa ul ce W. P. 10 
Case 5 25 W. P. 10 
Case 5 | 82 4.13) 7600 2 1 2 W.P.1 ir 


W. P.=wet preparation for sickling 


CasE 3.—Mary A., aged 51, mother of the previous patient, was born in 
Naro, Italy. She has always been in excellent health and has had 4 children 
Her appearance is that of a southern Italian, who does not appear older than 
her stated age. Physical examination is entirely negative. There was de- 
creased fragility of erythrocytes which began 0.40 and was not complet 
at 0.28. Slightly delayed positive Van den Bergh. 

Case 4.—Jennie P., aged 26, a sister to the previous patient, born in 
Sicily and arrived in the United States at the age of 3 3 years. The significant 
facts in her history are that at the age of 14 years she suffered with an attack 
of appendicitis which was treated conservatively. Six years ago she had 
infectious polyarthritis with anemia of sufficient severity to require hospital- 
ization. Three years later she had a second less severe attack. Except for 
fatigue while at work she is in excellent health. Examination reveals a 
rather obese female, fair complexion, straight brown hair; the heart is not 
enlarged, loud first sound, accentuated P2, no murmurs, abdomen is nega- 
tive. There was decreased fragility of the erythrocytes which began at 
0.38 and was not complete at 0.28. 

Case 5.—Charles P., aged 6 years, son of the previous patient was born 
in the United States. Past history of suppurative adenitis, measles and per- 
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Case 1 (high dry power magnification). 


1.—Micro-photographs of moist cover-slip preparations showing sickling in 
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i. 2.—Micro-photographs of moist cover-slip preparations showing sickling in 


Case 2 (high dry power magnification). 
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tussis. At present he is in excellent health. Examination is entirely nega- 
tive except for the presence of palpable post-cervical lymph nodes, hyper- 
trophied tonsils and under-nutrition. 

Comment. The sickling phenomenon is clearly demonstrated in 
5 members of this white Italian family. The trait has been trans- 
mitted for three generations through the paternal branch of the 
family, whose ancestors inhabited Sicily. Most of the recorded 
cases in the white race appear to have their origin in this locality. 
Since it is known that this region is signally free from Negro inhabi- 
tants, it may be assumed that if there was any admixture of negroid 
blood, this must have occurred many centuries ago.® 

The 5 cases can be classified into two groups. Those with anemia, 
or sickle-cell anemia, and those without anemia, or sicklemia.” Car- 
doza* suggests that patients with sicklemia are potentially anemic 
and that those who are anemic may revert to the non-anemic phase. 
Qur cases may be placed into three distinct divisions: 1, sickle- 
cell anemia with symptoms, Case 1, which presents the clinical 
and hematologic findings of sickle-cell anemia. It is worthy of note 
that the correct diagnosis was not made until the age of 22, although 
she had suffered from the disease according to the history since the 
age of 9. It was the consensus of opinion that she was suffering 
from some form of congenital or acquired hemolytic anemia from 
all the data referred to, but failure to demonstrate sickling left the 
actual diagnosis in doubt. It should be emphasized that with 
repeated careful technique of wet preparation, sickling may be 
easily demonstrated. 2, Sickle-cell anemia without symptoms, 
Case 2, who has definite anemia and splenomegaly. One may predict 
that a picture not unlike that of her sister may appear sometime in 
the future. The patient’s age and the presence of splenomegaly 
raised the question of the value or advisability of splenectomy as 
a helpful therapeutic procedure. 3, The remaining 3 cases show the 
sickling trait without anemia. In addition to sickling, all the cases 
showed the constant finding of decreased fragility of the erythro- 
cytes. Because of the dubious history of two episodes of infectious 
arthritis and anemia in Case 4, absence of residual cardiac findings, 
she might have possibly suffered from sickle-cell anemia crises on 
those occasions and is now in the stage of remission. Her son, 
Case 5, only 6 years of age, may be in the early phase of the disease 
in whom symptoms have not yet developed. The oldest member 
of the group may be an example of a case in the recovery phase. 
[t has occurred to us that these groups may represent different phases 
of the same disease and that observations of similar cases over a 
period of several years may lead to valuable information and test 
the validity of this suggestion. 

Conclusions. ‘Iwo additional cases of sickle-cell anemia in a 
white Italian family are reported. The first case escaped detection 
lor many years although symptoms were evident since the age of 9. 
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The second case is still asymptomatic. The entire group of 5 


cases showed the sickling phenomenon and the constant finding of 


decreased fragility of the erythrocytes. It is emphasized that in 
obscure cases of hemolytic anemia in white patients, especially 
from Mediterranean countries, repeated wet preparations with 
careful technique should be applied. Because of the unusual oppor- 
tunity presented in the study of this group which demonstrates 
various phases of the disease from its active to the latent stages, the 
suggestion is advanced that those having the sickle-cell trait repre- 
sent patients with sickle-cell anemia in one of its phases. 


We wish to express our sincerest gratitude to Prof. Linn J. Boyd of the Department 
of Medicine, for his permission to report these cases and for his many valuable sug- 
gestions. 
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(From the blood bank and Laboratories of the Philadelphia General Hospital.) 


TRANSFUSION of blood is an established adjunct to vitamin kh 
therapy for maintaining or restoring safe concentrations of pro- 
thrombin. Recently, Rhoads and Panzer‘ concluded that storage o! 
blood diminishes the concentration of prothrombin and impairs its 
value for treatment of hemorrhage due to prothrombin deficiency 
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Transfusion of blood stored a week or more, according to these 
authors, would be practically useless for the purpose of increasing 
prothrombin. Only fresh blood would be considered suitable. In 
disagreement with this view, is the work of DeGowin, Harris and 
Plass? who found, using the prothrombin method of Smith, Brink- 


hous and Warner, that “prothrombin is not seriously impaired 


by 2 weeks storage.” 


Because of the wide use and ready availability of stored blood for 
transfusion, many hospitals have installed blood banks. It seemed 
important, therefore, to secure additional information concerning 
the stability of prothrombin in preserved blood. 


Method. Fifteen cubic centimeter samples of blood contributed to the 
blood bank of the Philadelphia General Hospital were measured into 30 ce. 
wide mouth bottles, stoppered and stored in the refrigerator at 5° C. under 
the same condition as the main portion of the blood. Bottles of this size 
exposed relatively the same surface area to the air as was exposed in the 
Erlenmeyer flasks in which blood was preserved. One-tenth volume of 
2.5°;, sodium citrate added to the blood when collected served as anti- 
coagulant. Prothrombin and certain other constituents were measured in 
triplicate in the blood specimens at 3- to 7-day intervals for 3 to 53 weeks. 
Quick’s method’ was employed for determination of prothrombin. It was 
found that this method could be applied to citrated blood with results com- 
parable to those obtained by use of oxalated specimens. Thromboplastin 
was prepared from rabbit brain and was assayed before each run by means 
of normal human plasma. Since most preparations of thromboplastin 
failed to cause normal plasma to clot in the average time of 12.5 seconds 
found by Quick, results have been corrected by the following formula: 

Prothrombin time on first day 

12.5 
rected prothrombin time. The corrected time was converted to per cent of 
normal prothrombin by means of the graph published by Quick. 


prothrombin time after storage = cor- 


TABLE 1 PROTHROMBIN VALUES OF STORED BLoop. 


Prothrombin, % of original value 


No Days stored: 0 3 6-8 13-17. 21-22. 28-29. 32-39. 
1 100 75 iS 1S 16 
2 100 50 32 32 
3 100 70 34 31 27 
5 100 100 100 60 70 
6 100 2 38 32 42 338 
7 100 14 44 14 55 14 
8 100 70 70 70 36 
9 100 100 100 90 55 45 
10 100 60 50 90 ; 50 
(9 da.) 
11 100 42 60 6 55 
12 100 60 50 40 
13 100 100 60 43 
14 100 60 45 47 
15 100 85 40 40 
16 “4 100 65 45 38 
17 100 90 52 35 


Average : ‘ 73 55 45 
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Results. Prothrombin concentration of stored blood decreased 
moderately (to 73%) within 3 days. Three of 9 specimens were 
unchanged at this time. The most marked alteration was a de- 
crease to 50%. At 6 to 7 days a further decrease to an average of 
55% was observed. Several specimens were still unchanged at this 
time; however, half had fallen to less than 50%. Further preserva- 
tion led to continued gradual decline in prothrombin; three-fourths 
showed less than 50% at 13 to 17 days. Seven specimens showed 
little or no hemolysis for longer periods, and it may be significant 
that in these, suitable in appearance for transfusion, the prothrom- 
bin concentration remained at an average of 52, 48 and 53% respec- 
tively at 3, 4 and 5 weeks. 

Whether preserved blood can be utilized to increase prothrombin 
concentration of blood of patients showing prothrombin deficiency 
is a matter of considerable practical importance in hospitals relying 
upon the blood banks. It would appear that although prothrombin 
concentration decreases with the duration of preservation, it still 
is preserved in amount sufficient to increase by a significant amount 
the concentration in the blood of the recipient. Thus, if a trans- 
fusion of 500 cc. of blood stored 3 days was given to a patient with 
blood volume of 7000 cc. and a prothrombin of 15%, one would 
be adding 250 cc. plasma of concentration of approximately 75% 
of the normal prothrombin. This would raise the prothrombin 
percentage of the recipient to about 19%, whereas a transfusion of 
equal amount of fresh blood with concentration of 100% prothrom- 
bin would raise the recipient’s prothrombin to 20.6%. If larger 
volumes of blood are given by transfusion, the increase in prothrom- 
bin percentage in the recipient is naturally more rapid when fresh 
blood of normal prothrombin concentration is given. ‘Thus, if 
1000 ce. of blood is given to a patient with prothrombin time of 
15%, prothrombin concentration would rise to 26.5% if fresh blood 


of 100% prothrombin is given, whereas it would rise to 22.5% if 


stored blood of 75% prothrombin is used. In the same way, if 
1500 ce. of blood is given with prothrombin concentrations as men- 
tioned above, the recipient’s eventual prothrombin would be ele- 
vated to 36.5% with 100% blood and 25.6% with 75% blood. 
These calculations are based on the assumption that beneficial 
effects of transfusion depend entirely upon addition of prothrombin. 
However, it seems highly probable that the transfusion per se may 
be a factor in the elevation of prothrombin. This is suggested in the 
protocol of Quick’s patient? whose prothrombin was 8% before a 
transfusion of 550 ec. of blood and rose to 20% immediately after 
the transfusion. This effect of transfusion per se on the prothrombin 
concentration of the recipient is a problem which we are investigat- 
ing as the occasion arises. 

In the blood bank at this hospital, where from 40 to 60 transfusions 
are given per week, 90% of the blood preserved in the bank is held 


778 KERN: WATER BALANCE IN ALLERGY 


2 days or less. In this period the concentration of prothrombin 
decreases so little that preserved blood can be used effectively in 
treating prothrombin deficiency. With the considerable individual 
variation that occurs, however, the efficiency of even relatively 
fresh blood may be significantly lowered in individual cases. Pre- 
served blood may be of value after longer periods of preservation, 
since we have found that bloods that are preserved without hemo- 
lysis maintain their prothrombin concentrations fairly well. Bloods 
retained longest in the bank are those of the less common Types | 
and III (Moss). In spite of the fact that the prothrombin content 
may be lower in such bloods, it may still be sufficiently high to be 
of value, especially when easily available in the blood bank. ‘This 
is true particularly when volunteer donors must be depended upon 
as is the case in most large municipal hospitals. 

Conclusion. The incentive to this study was provided by the 
appearance of articles suggesting that preserved blood was of doubt- 
ful value in treatment of patients with prothrombin deficiencies. 
Our clinical experience with the use of preserved blood in such cases 
has been uniformly favorable, especially if not more than 3 days old. 
The value of the blood bank idea has been so impressed upon us 
that it seemed worth while to defend its use under these circum- 
stances. 

REFERENCES. 

(1.) Cameron, C. S., and Ferguson, L. K.: Surgery, 5, 237, 1939. (2.) DeGowin, 
E. L., Harris, J. E., and Plass, E. D.: J. Clin. Invest., 18, 480, 1939. (3.) Quick, 
A. J.: J. Am. Med. Assn., 110, 1658, 1938. (4.) Rhoads, J. E., and Panzer, L. M.: 
Ibid., 112, 309, 1939. 


THE ROLE OF WATER BALANCE IN THE CLINICAL 
MANIFESTATIONS OF ALLERGY. * 


By Ricuarp A. Kern, M.D., 
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(From the Allergy Section of the Medical Division of the Hospital of the University 
of Pennsylvania.) 

ALLERGIC phenomena in a human subject occur when that subject 
is exposed to a specific allergen to which he happens to be sensitive. 
The same phenomena, or phenomena so similar as to be indis- 
tinguishable, at times occur in the same patient under circumstances 
in which a non-allergic factor appears to be the causative agent. 
For example, a patient experiences an attack of migraine after 
eating a certain food. The patient also regularly suffers the same 
kind of an attack each month at the onset of her menstrual period, 
and without having eaten the known food allergen. Or, a group 


* Read before the Association of Allergy Clinics of Greater New York, New 
York, February 7, 1940. 
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of asthmatics, each one sensitive to different allergens, all develop 
exacerbations on the same day, when high winds presage the onset 
of a storm. The possible manner in which these non-allergic factors 
might cause phenomena that are apparently the same as those 
provoked by exposure to an allergen has given rise to a number of 
widely differing theories. Some of these theories have led their 
proponents into error, when they fallaciously applied them to 
explain the mechanism of the allergic phenomenon itself. It is the 
purpose of this paper to point out some examples of such fallacious 
reasoning and to present evidence for an acceptable explanation. 

[ shall begin with one of my own mistakes. In 1934, I published 
some observations on a curious interrelation between allergy and 
diabetes.? Allergy and diabetes rarely occur in the same individual 
at the same time. Yet a study of the history of a large number of 
diabetics revealed that they have a much higher family incidence 
of allergy than do non-diabetics and that diabetics themselves give 
a past history of allergic complaints much oftener than do a control 
group. This led me to suggest that in allergy there may be opera- 
tive an endocrine factor which stands in reciprocal relationship to 
the endocrine factor in diabetes: that is, hypofunction of the 
adrenals. 

It is a common experience that asthma, urticaria and migraine 
may occur in close relationship to the menses. In many instances 
the allergic phenomena cease after the menopause. Occasionally 
some form of opotherapy, usually pituitary or ovarian, tends to 
relieve the allergy at the menses. Consequently a gonad factor has 
been suggested as playing a role in the mechanism of such allergies. 

Pregnancy may often profoundly influence the course of an aller- 
gic disease. Unfortunately from the standpoint of an ovarian 
theory, the effect is not always in the same direction. Some patients 
are free of their asthma or hay fever during the whole of the preg- 
nancy, while others at that time suffer an exacerbation of their 
allergic complaint. 

Leaving the endocrine organs for a moment, let us turn to some 
chemical theories. For some years Beckman? has been enthusiastic 
about the therapeutic effect of large doses of nitro-hydrochloric acid 
in allergic conditions, especially hay fever. Although results in 
the experience of others have been by no means as good as those 
claimed by Beckman, the fact remains that an occasional case is 
strikingly benefited. This led Beckman to conclude that all allergy 
is fundamentally an alkalosis: 

Potassium has from time to time been brought into the allergic 
picture. At first there was the view that a disturbed potassium- 
calcium ratio in the body economy was the important thing. More 
recently have come observations on the effect of potassium in 
relieving a number of allergic conditions. Following the lead of 
Barker,! who reported the disappearance of edema of cardiac or 
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nephrotic origin in a number of patients placed on a high-potassium 
low-sodium regimen, Rusk and Newman" found the same procedure 
helpful in a case of portal cirrhosis with edema. ‘Then Rusk and 
Kenamore’® applied the same measure to another form of edema, 
localized and circumscribed in the skin, urticaria. Finally, Bloom® 
published some statistics of remarkable results from such a treat- 
ment of pollinosis, both hay fever and asthma; also in chronic 
asthma, allergic rhinitis, eezema, urticaria, migraine and even nasal 
mucous polyps. Although others have failed to get the excellent 
results claimed by Bloom, nevertheless some patients are helped 
to a surprising degree by potassium chloride, although only too 
often that result is temporary. But Bloom, losing sight of Barker's 
original point that potassium acted by producing a generalized 
reduction of body fluid, jumped to the conclusion that potassium 
plays the major réle in the mechanism of allergy itself. Thus he 
suggests that proteins can bring about the manifestations of allergy 
only when the underlying electrolyte mechanism is disturbed. 

And now to return to the effect of storms on asthma. It is a 
common experience in all allergy clinics that on certain days a large 
number of asthmatics will report a sharp exacerbation of symptoms, 
irrespective of the differences in the types of allergens to which 
they happen to be sensitive. This usually happens on a day when 
a severe storm is approaching. On my office desk is a barometer: 
whenever there is a sharp fall in pressure, I can confidently expect 
a wave of increased asthma among the chronic asthmatics, and the 
steeper the gradient of the fall, the worse the asthma. Sharp falls 
in barometric pressure bring with them high winds. The Simon- 
pure allergist therefore seeks to explain the increased asthma b) 
increased contact with air-borne allergens that the wind stirs up. 

Here, then, are a number of factors, apparently differing widely 
from one another, and yet having a pronounced effect, some in the 
production, others in the relief of allergic phenomena. Is there 
anything which these factors have in common? I believe there is. 
Each one involves a more or less pronounced shift in water balance. 
Let us examine the evidence. 

It is a well-established fact that in diabetes there is a tendency 
to dehydration. The loss of sugar and of increased amounts of 
sodium chloride in the urine plays an important part in this con- 
nection. An added factor is the reduction of glycogen stores in 
liver, muscles and even the skin, resulting in a loss of much intra- 
cellular water. The more severe the diabetes, the greater is the 
dehydration, even before yet another dehydrating factor, acidosis, 
comes into play. 

The menstrual cycle is attended by fluctuations in water balance 
that may reach considerable proportions. During the day or two 
preceding, and the most of the menstrual period, the posterior lobe 
of the pituitary produces increased amounts of an antidiuretic 
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substance, as a result of which a positive water balance results, 
with the retention at times of considerable amounts of water. In 
1938, Thorn, Nelson and Thorn" reported their observations on 
menstrual edema in a series of 50 student nurses in the Johns 
Hopkins Hospital. Of the 50 subjects no less than 24 showed a 
total water retention of at least 2 liters and some of them as much 
as 4 liters. With the cessation of the antidiuretic activity of the 
pituitary toward the end of the period, and perhaps under the 
influence of other gonad factors, this excess water is lost and the 
normal balance is reéstablished. 

In pregnancy there is no constant trend with regard to water 
balance. Griffith,’ in our Cardiovascular Section, has found that 
some patients show an increase of pituitary antidiuretic factor, 
whereas others show a normal or a diminished amount. There 
would consequently be no constant effect on water balance. 

Acidosis produces a marked loss of body fluid, whether the 
acidosis is due to disordered metabolism as in diabetes, or to the 
administration of large amounts of an acid, such as hydrochloric 
acid. In each instance large amounts of base excreted in the urine 
account for the loss of much body water. Mvyerson® and Loveless*® 
have suggested that the benefit experienced by some allergic patients 
from acid therapy is due to the diuresis and dehydration produced. 

Potassium in the body occurs chiefly within the cells where it 
binds much of the intracellular water. Sodium, on the other hand, 
is mostly extracellular and so influences the amount of interstitial 
fluid. The administration of large amounts of a potassium salt 
produces first an increase of intracellular water at the expense of 
interstitial water. In addition, there results a displacement of 
sodium ions with consequent increased excretion of sodium chloride 
and water in the urine. The net result is a decrease in total body 
water. 

And how do storms figure in water balance? In the study of 
the effects of low barometric pressure on dogs and rats, Smith" 
found a definite retention of water. The studies were carried out 
in a chamber in which pressures were reduced over 48-hour periods 
in amounts ranging from 2.6 to 9.8 cm. of mercury, figures that are 
well within the range of human experience. Not only did the 
animals retain water, but they were obviously restless. Smith 
suggests that this hydration may be the mechanism of inducing a 
variety of reactions on the part of many animals and some people 
with approaching weather changes. 

How may these various facts be brought into relation with allergic 
phenomena? 

A basic component of the allergic reaction is edema in the shock 
organ. The production of this allergic edema involves a quantita- 
tive factor. Let us assume that in a given patient the figure 100 
represents the amount of allergenic action required to produce shock 
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organ edema and consequent symptoms. ‘Then if the patient is 
subjected to an allergenic action of a magnitude of only 95, no 
edema and no symptoms result. But if he is subjected to allergenic 
action in an amount of 105, then edema and symptoms are produced. 

Now let us suppose that in addition to the allergenic impetus to 
edema, there appears on the scene a factor that influences water 
retention, and therefore tends to facilitate the production of edema: 
then it will enhance the effect of the allergenic action. A patient, 
subjected to an allergenic action of 95, in itself insufficient to pro- 
duce allergic edema, will develop edema in the shock organ if in 
addition she is subjected to another type of edema producer, such 
as the water retention incident to the menses, let us say in the 
magnitude of 10. Or, the 10 additional points of edema production 
may be provided by the water retention incident to the fall in 
barometric pressure before the storm. 

Conversely, the patient who is experiencing edema of his shock 
organ and consequent symptoms due to an allergenic action of the 
magnitude of 105 would experience a regression of shock-organ 
edema and symptoms when an anti-edema factor of a magnitude 
of 10 comes into play. The anti-edema factor might be the dehy- 
dration of diabetes, or of acidosis, or that following the administra- 
tion of potassium chloride. 

I have assigned large values to the allergenic action for producing 
edema and comparatively small ones to the other factors influencing 
edema. That is because the edema produced by allergenic action, 
although trifling as to the actual amount of water involved, is con- 
centrated in one small structure, the shock organ. The effect on 
water balance produced by other factors, on the contrary, is a 
generalized one in which the shock organ participates to no greater 
degree than does any other tissue. Thus, when the factor causes 
generalized edema, even though the body as a whole may be retain- 
ing several liters of water, the amount that is apportioned to the 
shock organ is bound to be much less than that which allergenic 
action can localize there. 

Consequently, if the allergenic cause of shock organ edema were 
intense, for instance of a magnitude of 200, then a non-allergic 
general edema-producing factor of a value of 10 could not greatly 
aggravate the edema in the shock organ. What is more important, 
a non-allergic anti-edema factor of a value of 10 could certainly 
not completely relieve the patient’s symptoms. 

To carry this thought yet farther: the general non-allergic factors 
could probably never produce a sufficient water retention, and in 
a short enough time, to give rise to a sufficiently severe and sud- 
denly produced edema in a given area to result in symptoms resem- 
bling an allergic phenomenon. The only conditions that might be 
looked on as exceptions to this view are the convulsions (cerebra! 
edema) of acute water intoxication, and the asthmatoid symptoms 
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that may result when the bronchial tree is subjected to the acute 
intense inflammatory edema that follows exposure to diazomethane, 
and certain gases used in warfare. 

The concept, then, which I wish to propose is that in allergic 
persons, symptoms may be the result of the concerted action of 
two causes of edema, the one (allergenic) acting locally in the shock 
organ, the other a cause of generalized hydration. The important 
one as to magnitude of local effect is the allergenic factor. Less 
important as to magnitude, but at times the only obvious factor, 
may be any one of several causes of water retention. Conversely, 
in allergic persons symptoms may be relieved when some cause of 
generalized dehydration can sufficiently reduce the edema in the 
shock organ. The acceptance of such a view would serve to set 
aside as fallacious a number of theories which some have proposed 
to explain the mechanism of allergy itself, but which most of us 
have been loath to accept. 

Thus, I was right in my observation that diabetes in some way 
acts favorably on the allergic state. It is also true that diabetes 
depends fundamentally on an endocrine mechanism, predominantly 
pancreatic. But I was wrong in assuming that therefore the allergic 
state must also be dependent on an endocrine mechanism, probably 
adrenal. One must at least admit the possibility that water balance 
changes could equally well explain the facts. 

(Parenthetically, mine was, of course, only one of numerous 
attempts to incriminate the adrenals. Many have sought to prove 
that adrenal hypofunction is at the bottom of all allergy. The 
efficacy of epinephrine in relieving allergic symptoms gave the first 
impetus to such a view. It has prompted the search for methods 
that might disclose an abnormally low blood content of epinephrine. 
Yet if that were found, it could just as well be an effect —exhaustion 
from overdemand —as a cause of allergy. Suggestive experimental 
evidence is furnished by the fact that rats, ordinarily so hard to 
sensitize, may be fairly readily sensitized after their adrenals have 
been removed. Yet in man, as far as I know, no active allergy 
occurs, let alone an increase in sensitivity, in Addison’s disease. 
Why? Perhaps because of the marked sodium loss and dehydration 
in that condition? At all events, one must admit that an adrenal 
etiology of allergy is just as far or farther from being proved as it 
ever was.) 

Beckman was right, although overenthusiastic, when he noted 
that the production of an acidosis could relieve allergic symptoms. 
But he was not justified in assuming that alkalosis could have been 
the only cause, for he, too, overlooked the added possibility that 
dehydration could explain his results. Let it be remembered that, 
although an induced acidosis will lessen or temporarily stop epileptic 
seizures, no one suggests that epilepsy is therefore due primarily to 
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alkalosis: It is recognized that the dehydration incident to acidosis 
exercises a purely non-specific effect in combating a cortical edema. 

Bloom fell into the same error when he assumed that the potas- 
sium effect proved that potassium played a réle in the basic mechan- 
ism of allergy. But he compounded the felony when he further 
assumed that, because the administration of potassium relieved 
allergic symptoms, a general somatic shift of electrolytes must 
necessarily have preceded the symptoms. There is available some 
evidence, to be cited later, which suggests that symptoms begin 
in the presence of a normal water balance, but that after symptoms 
have started, there is a shift in the direction of water loss by which 
the body seeks to relieve the allergic edema. 

Now let me cite a case which illustrates two important points. 
In the first place, it shows that this concept of the concerted action 
of two causes of edema in the production or symptoms is applicable 
in other fields of medicine. In the second place, it makes it easy 
to demonstrate the fallacy in reasoning of which some of us have 
been guilty. 

Edeiken and Griffith® have recently reported their observations 
in a woman with mitral stenosis of rheumatic origin. Her cardiac 
function for nearly a year has been just on the verge of inadequacy. 
Each month, with the onset of her menstrual period, she rapidly 
developed cough, dyspnea and the signs of severe pulmonary 
edema. On the theory that her attacks of acute cardiac decom- 
pensation were precipitated by the water retention incident to the 
menses, Dr. Edeiken gave the patient mercupurin just before each 
period to promote diuresis. This resulted in practically complete 
prevention of her usual attacks. For several months this was 
repeated with the same good effect. The next development in the 
case is even more interesting. Studies of the patient by Dr. Griffith 
showed that during the menstrual period her blood contained a 
considerable quantity of the antidiuretic factor formed by the 
posterior lobe of the pituitary. Since it is known that irradiation 
of the pituitary can produce a sharp diminution in this function 
of the gland, the patient was subjected to such Roentgen therapy. 
There resulted the expected drop in production of the antidiuretic 
substance and the patient has now gone through seven periods 
without decompensation and without the help of mercupurin. Here 
menstrual water retention and heart failure collaborated to produce 
pulmonary edema. 

And now for the matter of fallacious reasoning: When an allergist 
concludes that because a patient’s allergic symptoms occur regu- 
larly with the menses there must necessarily be an endocrine factor 
in the mechanism and production of her allergy, he is just as wrong 
as if Edeiken and Griffith had concluded that an endocrine factor 
was involved in the production of their patient’s mitral stenosis. 
Even though potassium chloride helped relieve the ascites in Barker's 
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cases of cardiac and nephrotic edema, he never thought of suggest- 
ing that a defect in potassium economy was responsible for the 
cardiac or renal disease. No more should one postulate such a 
defect in potassium economy as essential to the production of allergy, 
merely on the evidence that potassium administration can relieve 
allergic symptoms. 

Let me cite another instance in which two factors, in no wise 
related to each other, the one a producer of water retention, the 
other a local scar, combined to produce symptoms referable to a 
very restricted part of the body. I am indebted to Dr. O. H. Perry 
Pepper for permission to refer to his patient. A girl, now 16 years 
old, had suffered a birth trauma that left her with certain muscular 
defects. At the age of 11 she began to have seizures of a frank 
epileptiform type but without loss of consciousness. These led to 
an operation by Dr. Charles Frazier, who successfully removed a 
brain cyst that was evidently a residuum of her birth trauma. 
There followed complete relief from the epileptic attacks. Two 
vears later, when she was 13, her menses began. During the next 
3 vears with each menstrual period she had attacks of intense 
headache, rigidity of the neck and muscle tenseness which appar- 
ently stopped just short of epileptic convulsions. Dr. Pepper sus- 
pected that two factors were responsible for these attacks: men- 
strual edema, and localized intracranial post-traumatic scar tissue, 
as a result of which a relatively small degree of brain edema could 
exert undue pressure in certain cortical areas. An assay of pitu- 
itary antidiuretic factor in her serum by Dr. Griffith showed an 
increase of this substance during the menstrual period. Her pitui- 
tary was therefore irradiated, the dosage being 50 R. As a result 
she has gone through three periods without an attack. 

The question arises, is there perhaps a defect in water balance in 
allergy itself? There are as yet very few direct observations on 
this subject but they are, in my opinion, highly significant. 

In 1938, Cook and Stoesser* reported that artificial fever in 
asthmatics was usually followed by remission of symptoms when 
the sodium chloride content of the diet was extremely low, but not 
when the intake of this salt was unrestricted. In 1 case, 4 gm. of 
sodium chloride were administered when the patient had been free 
of asthma for 10 days, “all other factors remaining constant,” and 
the asthma promptly recurred. 

They also made 20 observations on 6 patients who were kept on a 
low-sodium chloride diet and to whom they gave pitressin to produce 
water retention. In the preliminary control periods of all 20 obser- 
vations the patients had asthma. During the pitressin hydration 

(which involved an increase of 2 to 5% in body weight) the patients 
had less asthma than in the preceding control period. The authors 
conclude that the sodium ion may exercise an adverse influence on 
the asthmatic patient, independent of its usual relation to hydration. 
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In 1939, these same authors” reported further observations along 
the same lines. In addition, they gave potassium chloride to 
asthmatic patients on a low-sodium chloride diet and observed a 
cessation of asthma in milder cases. Again they conclude: “It 
would appear that the sodium, potassium and water metabolism 
bear an important relationship to the asthmatic state.” 

It would appear to me that these authors may be on the verge 
of committing the same type of fallacy as previously mentioned, 
if they were now definitely to conclude that because sodium, potas- 
sium and water metabolism influence the asthmatic state, then in 
the asthmatic state there must necessarily be an abnormal metab- 
olism of sodium, potassium and water, and that such an abnormal 
electrolyte metabolism is an essential part of the intrinsic mechan- 
ism of asthma. Non sequitur. 

However, their observations call attention to another phase of 
the relation of water balance to the development of allergic phe- 
nomena: the site in which body water is localized. 

Sodium salts are found primarily extracellularly and therefore 
influence the amount of interstitial fluid. If sodium be withheld 
from the diet, then even though there be an increase of total body 
fluid (hydration after pitressin), there will be no abnormally large 
amount of interstitial fluid. Interstitial water is that which is 
primarily involved in the production of edema: edema might 
even be defined as being essentially an excess of interstitial fluid. 
Pitressin hydration therefore will not produce edema as easil) 
when sodium is withheld as it would when sodium is freely given. 
The tendency to allergic edema, e.g., asthma, is therefore also 
lessened when sodium is withheld and is increased when sodium 
intake is increased. Within certain limits this is true, irrespective 
of the total amount of water in the body. 

Potassium salts are found primarily intracellularly and therefore 
influence the amount of intracellular fluid. An increased intake of 
potassium would first of all cause an increase of intracellular fluid 
at the expense of interstitial fluid. In case of an excess of inter- 
stitial fluid (edema), potassium administration would cause a dimi- 
nution of the interstitial fluid (edema). It could therefore also 
diminish an allergic edema, and, as Cook and Stoesser found, it 
could even relieve symptoms (asthma) “in milder cases,’ that is, 
in cases in which the allergic factor producing edema is just strong 
enough to produce edema of the shock organ. 

But in allergic edema the major factor in the production of edema 
of the shock organ is still the allergic phenomenon itself. Jn the 
presence of the allergic factor, an increase of sodium intake can 
increase the edema of the shock organ, even to the production of 
symptoms when the allergenic cause is just infra-threshold in degree; 
whereas a restriction of sodium intake or an increase of potassium 
intake will tend to lessen the amount of interstitial water and con- 
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sequently the edema of the shock organ, even to the relief of symp- 
toms when the allergenic cause is just supra-threshold in degree. 
But if the allergenic cause is present far above the edema threshold 
in degree, then variations in neither sodium nor potassium intake 
can sufficiently influence the edema of the shock organ to be clini- 
cally apparent. Also, in the absence of the allergenic factor, no 
increase, however great, of sodium can produce a localized edema 
with resultant symptoms of the kind which characterize the clinical 
manifestations of allergy. 

In 1939, Sheldon, Howes and Stuart" published their studies on 
total water and sodium exchanges in asthmatic patients. Their 
subjects were 5 males, 3 of whom were known to develop asthma 
whenever they ate certain foods, and 2 were sensitive to ragweed 
pollen. Four patients were observed while on a constant intake of 
food, water, sodium and potassium. Water and salt excretion were 
measured, including a careful check on body weight. The patients 
were symptom-free for an initial control period. Asthma was then 
induced by feeding the allergenic food or by the insufflation of 
ragweed pollen into the upper respiratory tract. 

During the control period all patients were in balance as to water 
and salt metabolism. With the production of asthma there promptly 
developed in each patient an increased output of water and sodium 
chloride. The total loss of body water associated with an asthmatic 
attack varied from 737 to 2013 gm. The water metabolism par- 
alleled that of the sodium. The water balance was negative from the 
start of the asthma, in spite of distinct edema of the shock organ. 

These data I believe to be highly significant. In the first place, 
there is no evidence of any water retention in the body as a whole, 
even in the early stages of the asthmatie attack. Yet if potassium 
deficiency and sodium excess were an intrinsic part of the mechan- 
ism of an allergic response, one would expect some evidence of an 
initial hydration of the body as a whole. If, in spite of no initial 
general hydration, one would still wish to ascribe the edema of the 
shock organ to potassium-sodium effects alone, then one would 
have to postulate one kind of electrolyte metabolism in the shock 
organ and a different one in the rest of the body, an obvious incon- 
sistency. The allergic edema of the shock organ is therefore prob- 
ably determined in the first instance by factors other than electrolyte 
balances alone. 

In the second place, the water and sodium loss of these patients 
continued unabated until the attack was over. Then there was a 
retention of both water and sodium. In my opinion these facts, 
far from suggesting, as they have to some, that excess of sodium 
and water and possibly deficiency of potassium in the body are 
part of the mechanism of allergy, would appear, on the contrary, 
to be good evidence that increased excretion of water and sodium 
is simply a part of the body’s defense mechanism. It is an attempt, 
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by means of a general depletion of body fluid, favorably to influence 
the localized shock organ edema that an allergic reaction has 
produced. 

I wish to refer briefly to some of our clinical experiences which 
lend additional support to our thesis. 

We have used potassium chloride in patients with hay fever, 
perennial allergic rhinitis and asthma. I will cite no figures as to 
results; they will be reported elsewhere. But the trend of those 
figures appears to show the following things: By no means all 
patients, not even a sizeable minority, were helped by potassium 
chloride alone. The addition of potassium chloride to other types 
of therapy distinctly improved results in some cases. The impres- 
sion was that milder cases, patients just over the threshold of 
symptoms and with sensitivities that appeared to be neither exten- 
sive nor intense, were the most likely to show improvement on 
potassium chloride. In patients with severe and multiple sensi- 
tivities there was no effect. Thus, of 2 patients, brother and sister, 
the brother with rather mild hay fever and no asthma experienced 
complete relief of symptoms on potassium chloride alone. The 
sister, with severe pollen asthma as well as hay fever and some per- 
ennial symptoms, including eczema, experienced no relief in any 
phase of her troubles. The non-specific effect of potassium chloride 
dehydration would therefore appear to be adequate to give relief of 
symptoms only in the less intense types of allergic edema of a shock 
organ. 

A second point of interest in the potassium chloride effects was 
seen in some cases of perennial allergic rhinitis. After a week or so 
of considerable improvement, symptoms recurred in spite of con- 
tinuation of treatment, suggesting that the allergic edema of the 
shock organ had reéstablished itself at the new lower level of water 
balance. 

In several women with migraine and one with mild asthma, all 
of whom complained of menstrual exacerbations, the simple expe- 
dient of sharp restriction of salt and water intake for several days 
before and during the period gave striking relief from the attacks 
usually experienced at the menses. 

One is tempted to speculate as to possible further applications 
of the theory here propounded. ‘That, however, would be unwise 
at this time. Rather should our efforts be turned in the direction 
of getting more facts. Clinical studies should prove particularly 
fruitful, provided they are properly controlled. Here is a new wide 
field for careful investigation and for still more careful thinking. 

In summary, then, the theory is suggested that changes in the 
water balance of the body may influence the occurrence of allergic 
phenomena. Water and salt retention will favor the development of 
allergic reactions. Dehydration and salt loss will antagonize allergic 
reactions. Increased intake of sodium, by tending to increase 
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interstitial fluid and edema, will also favor the development of 
allergic reactions. Increased intake of potassium, or decreased 
intake of sodium, by tending to increase intracellular fluid and to 
decrease interstitial fluid and edema, will antagonize allergic reac- 
tions. Such shifts in water balance occur clinically in a variety of 
conditions, or they may be induced by a number of therapeutic 
measures. The effect of hydration and dehydration on allergic 
reactions is purely non-specific. Consequently the causes initiating 
changes in water balance must not have attributed to them any 
specific etiologic significance in the causation of the allergy itself. 
The production of the allergic phenomenon of edema in the shock 
organ is a thing apart: its mechanism, in the last analysis, is still a 
mystery. 
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FAMILIAL periodic paralysis has been the subject of many reports, 
which were reviewed by Schoenthal in 1934.'* It has long appeared 
that the paralytic manifestations of this disease were related to the 
potassium metabolism. Holtzapple® was of the opinion that potas- 
sium bromide was effective in treating the paralytic state. He 
attributed this to its sedative action. A number of observers have 
recorded the level of potassium in the blood serum in this dis- 
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sase.):?.5715 Gammon, Austin, Blithe, and Reid® state that during 
severe spontaneous paralyses, the serum potassium level has been 
found to fall as much as 30%, while in mild attacks the fall may be 
only 5 to 10%, with values of 4.79 milliequivalents per liter (18.6 mg. 
per 100 cc.).- The intravenous administration of potassium salts 
to experimental animals was found by Mathison” to induce ven- 
tricular fibrillation. Nahum and Hoff'* showed that the mechanism 
of this process was the production of widespread block in all parts 
of the heart and stimulation of the automaticity of the pacemaker. 
Winkler, Hoff and Smith!” in a recent paper dealing with the effect 
of potassium salts and of a mixture of potassium and calcium salts 
in animals concluded that the ‘toxic effects of potassium on the 
heart are due to some highly specific effect on that organ which is 
not shared by skeletal muscles generally.’’ Further, with respect 
to potassium, Thomson'’ has described the electrocardiographic 
che anges in patients suffering from Addison’s disease and found that 
rise in the level of serum potassium is accompanied by increase in 
the amplitude of the 7’ wave, followed in some cases by decrease in 
amplitude when the level fell as a consequence of treatment. ‘There 
have been no reports of the electrocardiographic changes in a state 
of low potassium concentration in either experimental animals or 
human beings. In a survey of the literature we have found one 
report only in which electrocardiographic changes were recorded 
in familial periodic paralysis (Janota and Weber"). In this case, 
however, correlation with the level of serum potassium was not 
made. We have had the opportunity of following the serial changes 
in the electrocardiograms of a patient suffering from familial periodic 
paralysis during an attack, when the serum potassium was low. 
These observations will now be recorded. 


Clinical History. The patient, a 19-year-old male, white laborer, was 
admitted to this hospital on June 18, 1939. His complaint was paralysis 
of all muscles below the neck of 3 days’ duration. His father had experi- 
enced similar attacks of paralysis which were diagnosed in 1918 as familial 
periodic paralysis. The patient had suffered no serious childhood or adult 
illnesses. He denied venereal infection. His general health had been good. 

The patient suffered a first attack of paralysis in the muscles of the trunk 
and extremities in late December, 1935, when he awakened one night and 
was unable to turn over in bed. His father tested him with a pin point 
and found that sensation was intact. The patient had two similar attacks 
in the next several weeks both terminating spontaneously. During Febru- 
ary, 1936, he was studied at this hospital. Paralysis, however, did not 
occur at that time.” 

From February, 1936, to June, 1939, the patient experienced approxi- 
mately 20 paralytic attacks. These did not occur in a cycle; they varied 
in severity and in duration from several hours to 3 days. The day before 
the attack which we are now reporting, he ate a large amount of carbohy- 
drate and engaged in an unusual amount of activity. When he awakened 
the next morning, he was unable to move his head, arms, or legs, and 
experienced anorexia, nausea and some retching. For the 24 hours before 
his admission he had been unable to defecate and had some slight difficulty 
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in micturition. He was brought to the hospital because paralysis had then 
continued for 3 days, his speech had developed a peculiar quality and swal- 
lowing was difficult. The patient reported that his breathing felt impaired 
and for about 24 hours before admission he was conscious of pounding of the 
heart. 

Examination. The temperature was 37.8° (rectal), pulse 90, respirations 
20, and the blood pressure 125,68. The patient was a muscular and well- 
nourished individual. He was flaccid below the neck. Respiratory move- 
ments were slightly labored and were made with the aid of the accessory 
muscles. The diaphragm appeared not to be involved. The only voluntary 
movement which the patient could make below the level of the neck was a 
slight motion of the thumbs and index fingers. Speech was slurred and 
of a monotonous character and swallowing was difficult. The head includ- 
ing the eyes, ears, nose and throat, and the neck were essentially normal. 
The lungs were clear throughout to percussion and auscultation. The point 
of maximum impulse and the left border of dullness of the heart were 7 cm. 
from the midsternal line in the fifth left intercostal space. There was no 
precordial shock or thrill. The heart sounds were loud; normal sinus 
rhythm prevailed. A coarse systolic murmur was heard over the whole 
precordium and the second sound in the mitral area was reduplicated. 
There were no signs of congestive heart failure. The abdomen exhibited 
no abnormalities. There was complete absence of all reflexes except those 
of the pupils and jaw. Sensibility for all the modalities was normal. Dur- 
ing the course of our observations, the patient received 2 doses of potassium 
chloride of 4.2 gm. each. These were administered by mouth 1 hour and 
50 minutes apart. He showed a gradual return of muscle function and dur- 
ing this time observations relating to the heart were made. Nine hours 
after his admission, the patient was able to move all parts, regaining volun- 
tary muscle function most dramatically over the last 10 minutes of the 
period of paralysis. He was then able to feed himself and be out of bed. 
Reduplication of the second sound in the mitral area and the apical systolic 
murmur persisted. Normal sinus rhythm was still present. The patient 
was discharged on June 19, 1939, approximately 12 hours after admission 
because he wished to return to work. 


Observations. An electrocardiogram which had been taken during 
the patient's earlier hospital admission served as a control. A series 
of three records was made during the attack of paralysis which we 
observed (Table 1): the first immediately on admission; the second 
and third, $5 and 110 minutes respectively, after giving potassium 
chloride, and the fourth the morning after recovery from paralysis; 
another, 4 months later was an additional control. Samples of blood 
were drawn immediately after each electrocardiogram had been taken 
for estimations of the level of certain ions and of serum choline 
esterase activity. Serum potassium was determined by the method of 
Wenger, Cimerman and Rzymowska.'* Calcium and phosphorus 
were estimated by the methods of Clark and Collip* and of Fiske 
and Subbarow,® respectively. McGeorge’s modification" of the 
procedure of Stedman, Stedman and White was used for the 
determination of the activity of serum choline esterase. 

When the observations were begun, the serum calcium was 
10.7 mg. per 100 cc., phosphorus 3.0 mg. per 100 cc. and esterase 
activity 2.31 cc. of N/100 sodium hydroxide, that is to say within 
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the normal range (Table 1). The serum potassium, however, was 
11 mg. per 100 ce., only 50% of normal level. The administration 
of the 2 doses of potassium chloride of 4.2 gm. each, effected no 
significant immediate change in the serum potassium (Table 1). 
When recovery was complete, however, it was 25.3 mg. per 100 ce., 
in the normal range. The calcium, phosphorus and serum esterase 
remained normal. 


TABLE 1.—THE RELATIONSHIP OF ELECTROCARDIOGRAPHIC CHANGES TO CHEMICAL 
ALTERATIONS OF THE BLoop SERUM IN PERIODIC FAMILIAL PARALYSIS. 


Serum 
Cardiac Serum h Serum “erum 
on P-R S:| potassiu caleiu ‘sterase 
EKG | Date Time rate phorus, — 
e¢ mg mg ec. N/100 
per min per 100 e« mg per 100 e« NaOH 
per 100 
| 1936 
A 2/14 | 11.35 a.m 86 0.14 0.10 | 0.32 
2/21 20 11 4 
1939 
B 6/18 | 9.00 pw 100 0.24+ | 0.20 | 0.364 11.0 3.00 10.7 2 31 
——|— 
6/18 9.50 Pm Potassiu m chlo|ride 4.2 gm. by mout h 
Cc 6/18 | 11.15 pw 83 0.24+ | 0.12 | 0.444 11.0 2.92 2.26 
6/18 | 11.40 pw Potassiu m chlo ride 4.2 ¢ m. by mout h 
D 6/19 | 1.20 a.m 94 0.22+ | 0.11 | 0.404 12.1 3.04 2 32 
E 6/19 | 9.00 a.m 07 0.16 0.09 | 0.32 25.3 4.00 I1.1 2.22 
F 10/24 | 10.15 a.m 86 0.14 0.10 | 0.32 18.0 4 80 11.7 2.52 


During the patient’s first admission in 1936, the electrocardio- 
gram was essentially normal in its configuration (Fig. 14). The 
rhythm was regular, the rate 86 per minute, the P—R, conduction 
time measured 0.14 second, the Q—7' interval 0.32 second; the QRS, 
time was at the upper limit of normal (0.10 second) (Table 1). The 
first electrocardiogram (Fig. 1 B), taken during the paralysis, showed 
a bizarre form. Normal sinus rhythm persisted, the rate now 100 
per minute. It was not possible to measure the P—R, time, because 
the auricular complex could not be isolated from the positive wave 
following the R wave; later records established this as the 7’ wave. 
It was likely that the P wave in this record was buried in this deflec- 
tion for throughout the series the origin of the impulse is in the sinus 
node. Nor could the QRS time be measured accurately because of 
the deep, split S waves which occurred in all leads. Likewise there 
was deformity of the R-7 segments. However, from the isoelectric 
level before the R wave to the isoelectric level following it, the dura- 
tion was, at least, 0.24 second. It was not possible to measure the 
Q-T interval accurately, but it was more than 0.36 second. This 
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Fic. 1 Fic. 1A, which serves as a control, was taken on February 14, 1936; 
Pr 1B, on June 18, 1939, during an attack of paralysis; Fig. 1C’, 85 minutes after 
the administration of the first dose of 4.2 gm. of potassium chloride; Fic. 1D was 
recorded 110 minutes after the second dose of 4.2 gm. of potassium chloride; Fig. 1E 
was taken after the attack had terminated on the morning of June 19, 1939: Fig IF, 
taken on October 24, 1939, approximately 4 months after discharge, serves as an 
additional control Phe 3 standard leads were recorded. Divisions of the ordinates 


equal 10~4 volts; divisions of the abscissa equal 0.04 second. 
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record did not have the configuration characteristic of bundle branch 
block; there was obviously, however, delay in the spread of the 
excitation wave. The serum potassium at this time was 11 mg. 
per 100 ce. 

Potassium chloride was given in 2 doses of 4.2 gm. each and as 
the patient improved in the ability to move his muscles the electro- 
cardiogram underwent certain significant changes although the 
potassium concentration in the serum was not altered (Table 1). 
In the record (Fig. 1C) taken 100 minutes after the administration 
of the first dose of potassium, the heart rate was slightly lower. 
P waves were identified on the downward limb of the 7 waves. It 
was possible to approximate the P—R, time, which was prolonged 
and occupied, at least, 0.24 second. The 7 waves were of approxi- 
mately the same height and configuration as in the previous record 
(Fig. 1B). The duration of electrical systole was now 0.44+ second. 
The level of the serum potassium remained 11 mg. per 100 ce. 

The patient was given a second dose of potassium chloride 4.2 gm. 
The next electrocardiogram (Fig. 1 D) showed progression of the 
changes that were already apparent in the preceding electrocardio- 
gram (Fig. 1C); the serum potassium was, however, only 12.1 mg. 
per 100 cc. The P wave was now more easily detected and the 
P-R interval was 0.22+ second, the QRS time 0.11 second, the 
(-T interval 0.40+ second. The next morning, a few hours after 
the dramatic clinical improvement with recovery from paralysis, the 
electrocardiogram (Fig. 1 £) was in all major respects similar to the 
one recorded 3 years earlier (Fig. 1.4). The P—R conduction time 
was within normal limits, the QRS time remained at the upper 
limits of normal; the Q—7' time was now 0.32 second. The serum 
potassium at this time had risen to 25.3 mg. per 100 ce., a high 
normal level, while the calcium and phosphorus levels and the 
serum esterase activity were not altered. Studies were repeated on 
October 24, 1939, approximately 4 months later. During this time, 
the patient had suffered no major attacks of paralysis. The electro- 
cardiogram (Fig. 1) remained of normal configuration. The serum 
potassium at this time was 18 mg. per 100 ce. (Table 1). The serum 
calcium was 11.7 mg. per 100 cc.; the serum phosphorus was 4.8 mg. 
per 100 ce., just beyond the upper limits of normal. 

Discussion. [uring the attack of paralysis there were certain 
marked changes in the form of the electrocardiograms. ‘These were 
for the most part related to the QRS-—T portions of them. There 
were no significant changes in the amplitude of the R or S waves. 
The 7' waves were of normal height and configuration in the control 
electrocardiograms. During the attack, when the serum potassium 
was low, the 7’ waves were broad and low and the R—T7 segments 
changed in form in addition to those changes which were introduced 
by the superimposed P waves. The change in the 7’ waves afforded 
further evidence of a reciprocal relationship between the 7’ wave 
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and the serum potassium concentration. Winkler, Hoff and Smith! 
have shown that the first effect of the injection of potassium chloride 
solution in animals was increase in amplitude of 7 waves and short- 
ening their duration until they equalled the QRS complex in ampli- 
tude and duration. Likewise, the work of Thomson!’ established 
a direct relationship between the height of the 7 waves and serum 
potassium levels in Addison’s disease. 

The most striking changes appear to be effects on the conduction 
of the excitation wave. This is shown by lengthening of the P-R 
time, prolongation of the QRS time. Increase in (-7' interval 
was conspicuous. Barker, Johnston and Wilson’ have pointed out 
the abnormal prolongation of the Q-7' interval in cases of hypo- 
calcemia. In this state, however, the changes appear to take place 
with prolongation of the isoelectric level between the 2 and 7 waves, 
while in familial periodic paralysis there are alterations in the QRS 
conduction time and in the form of the 7 waves and R-T segments. 
We attribute these changes to a modification of one of the funda- 
mental properties of heart muscle, namely conduction, associated 
with the low potassium concentration in the blood serum. The 
general configuration of the changes in the electrocardiograms of 
our patient during paralysis was similar to those recorded by Janota 
and Weber.” In our case, however, they were more marked. Our 
finding that paralysis of the muscles disappeared after the oral 
administration of potassium chloride while the serum potassium 
concentration still remained low is similar to the experience of 
Gammon, Austin, Blithe and Reid.* In our patient, the serum 
potassium was low during the attack and unaltered by the adminis- 
tration of the salt, but was, on the other hand, at a normal level 
after recovery from paralysis. Electrocardiographic changes, how- 
ever, occurred during the administration of the potassium chloride 
and as recovery progressed. The levels of calcium and the activity 
of serum choline esterase throughout showed no deviation from the 
normal. It may be significant that the value for serum phosphorus 
of 5.2 mg. per 100 cc. previously reported in this patient by Mil- 
horat" in a paralysis-free interval was in the normal range. During 
paralysis, however, it was in the low normal range, 3.0 mg. per 
100 cc., and attained a normal level of 4.8 mg. per 100 cc. after 
recovery. We have no explanation for this change. It may be re- 
called that values of the same order have been reported by Aitken, 
Allott, Castleden and Walker.' 

Summary and Conclusions. ‘Ihe electrocardiographic changes 
during an attack of familial periodic paralysis have been studied 
together with the concentrations of serum potassium, calcium, phos- 
phorus and serum esterase activity. These correlations have not 
before been reported. The most striking changes and those respon- 
sible for the bizarre form of the electrocardiogram were prolongation 
of the P-R, QRS, Q-T intervals, alteration in the form of the 
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R-T segments, and decrease in amplitude of the 7’ waves. Certain 
of these changes were evidence of a defect in the propagation of the 
excitation wave. During paralysis the serum potassium was only 
half the value recorded after recovery from the attack, as well as 
t months later. We are of the opinion that the electrocardiographic 
changes are associated with the reduction in serum potassium. 
Certain data which have been published support this view.'2:!41719% 

We wish to thank Miss Helen Civin of the Department of Pharmacology of the 

Cornell University Medical College for making the estimations of serum potassium. 
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IN ARTERIOSCLEROTIC AND HYPERTENSIVE HEART 
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(From the Medical Research Laboratories of the Beth Israel Hospital and the 
Department of Medicine, Harvard Medical School.) 

THOUGH axis deviation is not diagnostic of left or right ventricular 
hypertrophy in every instance, well-marked enlargement of either 
the left or right ventricle is commonly associated with left or right 
axis deviation respectively. It is therefore of interest to report a 
series of cases of hypertensive and arteriosclerotic heart disease, the 
majority of whom had left ventricular hypertrophy and in whom 
electrocardiograms revealed right axis deviation. The prognostic 
significance of this finding is discussed. 

Material. In the electrocardiographic records of this hospital 
from 1929 through 1938, right axis deviation was found in 36 cases of 
hypertensive or arteriosclerotic heart disease. Right axis deviation 
was regarded as present when S 1 was greater than R 1, which was 
often small or absent, and when R 3 was equal to or greater than 
R 2. In the majority of cases the angle was above +80° or the 
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index more than —10. In a few cases the axis was within the high 
limits of normal, but a definite tendency to right axis deviation was 
present. Cases of rheumatic heart disease, congenital heart disease 
and right ventricular hypertrophy due to chronic pulmonary dis- 
ease were excluded. There were 27 male and 9 female patients in 
this group ranging from 32 to 75 years of age. Twenty-one had 
blood pressure levels above 160 mm. systolic, and 100 diastolic. 
Recent attacks of coronary thrombosis had occurred in 12 of these 
21 according to their histories, to objective evidence, or both; 
attacks of coronary thrombosis had also occurred in 14 of the remain- 
ing 15 non-hypertensive cases. One patient had luetic aortitis 
with an aortic aneurysm (Case 29, Table 1). Of these patients, 24 
have died and postmortem examination was performed in 13; 5 
patients are still alive and 7 have not been traced (Table 1). 


TABLE 1. 
Cardiac Time of ay 
Clinica Co enlargement pearance of Juration o fe 
es thromb. | failure ifter cor of rt. ax. dev 
Clinica! X-ray thromt 
1 | 32M 0 + 0 0 2 weeks Alive, 4 months 
2|36M 0 + 0 0 0 1 month Alive, 21 months 
3 | 46 F* + + + + + 9 weeks Alive, 13 months 
4 | 52 M* 0? + + 0 0 8 months | Alive, 32 months 
5 | 55 Mt 0 + + 0 3 days Alive, 11 months 
6 | 45 F + + 0 } 3 days Died, 1 day 
7|45M 0 + 0 0 3 days Died, 2 weeks 
8 | 45 M + 0 + + Died, 17 days 
9|}48M 0 + 0 + 1 week Died, 12 days 
10 | 52 M 0 + + 0 24 days Died, 18 months 
11 | 52F } 0 + + Died, 10 months 
12 | 55 F + 0 + + Died, 18 days 
13 | 58 M 0 4 4 r } 12 months | Died, 1 month 
14 | 59M + 0 + + + Died, 3 days 
15 | 59 F + 0 + + Died, 5 months 
16 | 61M + + + + 2 months | Died, 2 months 
17 | 62M 0 + + + 1 day Died, 9 days 
18 | 63 M + + + + + 6 months Died, 5 weeks 
19 | 63 M + + + : 1 day Died, 6 days 
20 | 63 M 0 + + + 0 2 weeks Died, 8 days 
21 |64M + + 0 } 1 days Died, 2 days 
22 | 65 M 0 + 0 0 0 2 weeks Died, 15 months 
23 | 65 M 0 } } | | 2 months | Died, 27 months 
24 | 67 F + 0 + t Died, 4 months 
25 | 61M 4 4 4 0 ? Died, 6 months 
26 | 71M + 0 + + Died, 1 week 
27 | 74M + + + + + 3 months | Died, 2 days 
28 |75 M + + } 0 4 months | Died, 2 weeks 
29 | 45 M 0 0 0 + + aaa Untraced 
30 | 54 F + 0 + + + Untraced 
31 | 55M + ae a + + 11 months | Untraced 
32 | 57 F + a + + ? Untraced 
33 | 61M 0 + + + 3 days Untraced 
34 | 61 F + 0 0 + 0 Untraced 
35 | 63 M 0 + 0 + ; 5 weeks Untraced 
36 | 46M + + + + 5 days Died, 8 days 


* Markedly diminished cardiac reserve. t Bedridden. 
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Nine patients had electrocardiograms taken prior to the develop- 
ment of right axis deviation; in 7 the axis was normal and in 2 left 
axis deviation was present. In 7 cases of the total group of 36 the 
occurrence of the right axis deviation was temporary, changing with- 
in a few days to a few months to normal axis or to left axis deviation. 
Enlargement of the heart to the left was found by clinical examina- 
tion, by Roentgen ray study, or by both, in 27 of the 36 cases. Left 
ventricular hypertrophy was present in all 13 autopsied cases. Right 
ventricular hypertrophy was also found in 4 cases, but in each of 
these the left ventricle was hy pertrophied to an even greater degree. 
All the patients studied at postmortem showed definite left ventric- 
ular preponderance. ‘The heart weighed more than 500 gm. in 8 
and less than 400 gm. in only one case (Table 2). Severe coronary 
disease was present in 12 of the autopsied cases, with occlusions of 
one or more of the major coronary arteries in 11. Myocardial 
infarcts were found in 10, 8 of them of recent origin. In 3 cases the 
infarct was wholly anterior, in 3 it was anterior and septal, in | 
other the infarcts were both anterior and posterior, while in the 
remaining 3 cases they were posterior. In 2 of the 3 cases without 
myocardial infarction diffuse fibrosis was present. In the autopsied 
cases in which myocardial infarcts were found, the areas of myo- 
cardial necrosis were extensive. 

Report of Autopsied Cases (Table 2). Case 1.—M. K., a 45-year-old 
female diabetic with hypertension, had a normal electrocardiogram 2 years 
prior to admission. Two days before entry she experienced a sudden seizure 
of severe precordial pain with collapse. Electrocardiograms the first 2 
days disclosed normal axis, inversion of 7’ 1, and depression of ST’ 2 and 
ST 3. On the third day right axis deviation appeared. The QRS complexes 
were slurred and were 0.10 second in duration. The patient died on the 
fourth hospital day. 

Case 2.—S. L., a 45-year-old male with a questionable history of hyper- 
tension had an attack of severe precordial pain one year before admission 
persisting for 2 days. The day before admission a more severe attack oc- 
curred. An electrocardiogram on the second day disclosed normal rhythm, 
right axis deviation, elevated ST segment with coronary type inversion of 
T 1, absent Q 4 and deeply depressed ST 4 (old method). The QRS com- 
plexes were notched and were 0.12 second in duration. During the next 
few days the axis gradually changed until, on the 15th day, left axis devia- 
tion was present. The patient died on the 16th hospital day. 

Case 3.—I. B., a 45-year-old male with hypertensive heart disease, was 
admitted in congestive heart failure with a history of increasingly severe 
angina pectoris and paroxysmal dyspnea. An electrocardiogram on the 
4th hospital day revealed normal rhythm, a tendency to right axis deviation 
and inverted 7 2 and 7'3. The QRS waves were normal. The patient died 
21 days after admission. 

Case 4.—J.5., a 48-year-old male with a history of angina pectoris was 
admitted 5 days after a particularly severe episode of pain. An electro- 
cardiogram the day after admission showed normal rhythm, right axis 
deviation, deep Q 2 and Q 3, inverted 7 3 and absent Q 4 (old method). 
The QRS complexes were slurred and notched but were only 0.10 second 
in duration. He gradually failed and died 2 weeks after admission. 
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TABLE 2.—DatTa IN AvuTOPSIED 


l 15 M + } 0 3 110 i 0 0 0 i 0 0 
2 45 M 0 + 0 3 360 | 0 } 0 } 1400 1000 
3 15 M + 0 + 3 650 } } 0 } 0 750 700 
4 48 M 0 + 0 140 0 150 0 
5 58 M i) } 4 3 530 0 0 } } 0 50 1000 
6 59 M } 0 + 3 1000 N N N * + 0 0 
7 63 M + 4 4 2 640 0 0 0 0 0 250 0 


8 63 M } 0 3 110 N 0 

9 64 M + + } 3 580 i 0 0 0 } 500 500 
10 71M 0 } 3 740 0 0 4 * * 0 0 
11 74M + 4 3 600 0 0 250 250 
12 75 M 3 190 0 0 250 250 
13 16 M } + + 3 520 i 0 0 0 } 0 0 


= Marked coronary disease —marked narrowing or occlusion of major vessels. 


2 = Moderate coronary disease—diffuse atherosclerosis without narrowing of 
major vessels. 

Diffuse fibrosis. 

L.A.D. = Left anterior descending branch 

L.C. = Left coronary. 

R.C. = Right coronary. 


Case 5.—J. E., a 58-year-old male with no history of hypertension or 
cardio-respiratory symptoms, was admitted with severe substernal pain 
of 1 day’s duration. An electrocardiogram on admission disclosed normal 
rhythm, left axis deviation, elevated ST 2 and ST 3 and inverted T 2 and 
T 3. The patient improved and was discharged on the 20th hospital day. 
One year later he was readmitted in congestive failure, and the electrocar- 
diogram now showed normal rhythm, right axis deviation, inverted T 2 and 
T 3 and normal QRS complexes. He became progressively worse and died 
one month after admission. 

Case 6.—D. G., a 59-year-old male with hypertensive heart disease and 
a history of congestive heart failure and angina pectoris of several years’ 
duration, was admitted in severe congestive failure. Electrocardiogram 
on the 4th day showed auricular fibrillation, normal axis, inverted 7’ 1 and 
flat T 2, a deep S 2 and upright 7 4 (old method). The patient was dis- 
charged improved after 3 weeks. Three months later he was readmitted 
in congestive failure with similar electrocardiographie findings and was 
discharged improved after 2 weeks. One year after the second admission 
he was readmitted in congestive failure, and died on the 5th hospital day. 
Electrocardiograms taken on the 2d, 4th, and 5th hospital days showed 
auricular fibrillation and a progressively increasing tendency to right axis 
deviation. The QRS complexes were normal in duration and shape. 

Case 7.—C. B., a 63-year-old male with hypertensive heart disease and 
a history of angina pectoris, paroxysmal dyspnea and congestive failure, 
was admitted in severe failure. One year, and again 8 months before admis- 
sion he experienced crushing precordial pain, marked dyspnea and weakness 
requiring bed rest. Electrocardiograms on the 4th, 12th and 19th hospital 
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days revealed normal rhythm, right axis deviation, delayed A-V conduc- 
tion, diphasic 7 waves and notched QRS waves of 0.08 duration. On the 
34th day the axis was normal. The patient died a week later. 

Case 8.—L. O., a 63-year-old male with a history of hypertension and 
angina pectoris, was admitted with recurrent attacks of more severe pre- 
cordial pain. The chest pain became worse in the hospital and was accom- 
panied by fall in blood pressure, glycosuria, dyspnea and nitrogen retention. 
An electrocardiogram on admission revealed normal rhythm, right axis 
deviation, normal Lead 4, a deep S 2 and slurring of the QRS complexes 
with a duration of 0.12 second. The right axis deviation persisted until 
the death of the patient on the 6th hospital day. 

Case 9.—J. M., a 64-year-old male with a history of hypertension and 
angina pectoris of 15 years’ duration, was admitted in shock and conges- 
tive failure 4 days after the onset of a severe attack of substernal pain. 
Electrocardiograms on the first and second hospital days revealed ventricu- 
lar premature beats producing trigeminy, right axis deviation, delayed 
A-V conduction, depressed ST 1 and ST 4, elevated ST 3 and inverted 
T land 7 3. The QRS waves were slurred and notched and 0.10 second 
in duration. He died on the second hospital day. 

Case 10.--A. Z., a 71-year-old male with hypertensive heart disease and 
a history of attacks of paroxysmal dyspnea and auricular fibrillation of 
2 years’ duration, was admitted in congestive failure. An electrocardiogram 
the day after admission revealed auricular fibrillation, right axis deviation, 
inverted 7 2 and 7 3, normal QRS complexes, and a normal Lead 4. The 
patient died on the 8th hospital day. 

Case 11.--N. L., a 74-year-old male with hypertensive heart disease, a 
history of angina pectoris for many years, paroxysmal dyspnea and re- 
peated bouts of congestive failure for 4 years, was admitted in severe con- 
gestive failure. On admission the electrocardiogram showed normal rhythm, 
right axis deviation, delayed A-V conduction, flat T waves and an absent 
(@ 4 (old method). The QRS complexes were normal in shape but were 
prolonged to 0.12 second in duration. The patient died on the 3d hospital 
day. 

Case 12.—S8. G., a 75-year-old male with hypertensive heart disease 
and a history of coronary thrombosis 4 months prior to admission, was 
admitted in congestive failure. Electrocardiograms on the 2d and 3d days 
after admission showed normal rhythm, normal axis, depressed ST’ 1 and 
ST 2, inverted T 3 and deep Q 3 wave and normal Lead 4. On the 6th 
hospital day right axis deviation appeared. The QRS complexes were 
normal. The patient died on the 19th hospital day. 

Case 13.—A. H., a 46-year-old male with a past history of tuberculosis, 
subacute glomerulonephritis and hypertension was admitted with severe 
left anterior chest pain of 2 days’ duration. An electrocardiogram on the 
2d hospital day revealed sinoauricular tachyeardia, right axis deviation, 
elevated ST 1, 2, and 4, depressed ST 3 and inverted 7 1. The right axis 
deviation persisted until death. The patient died on the 10th hospital day. 


Discussion. Kinthoven® and Lewis” believed that well-marked 
deviation usually indicated hypertrophy of the corresponding ven- 
tricle. White and Bock” and White and Burwell concluded that 
diseases predisposing to right or left sided hypertrophy caused right 
or left axis deviation respectively. ‘There were, however, small 
groups of cases in which there was no correspondence between the 
axis deviation and ventricular preponderance; to explain these 
Pardee® suggested a relationship between axis deviation and the 
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position of the heart in the chest. Herrmann and Wilson® believed 
that disturbances of atrioventricular conduction might cause changes 
in axis deviation. The electrical axis of the heart, according to the 
above authors, is therefore dependent on the position of the heart 
in the chest, the type of atrioventricular conduction and the relative 
weights of the two ventricles. 

The data presented here further emphasize the discrepancies 
between electrical axis and ventricular preponderance especially 
since the right axis deviation is considered to be associated rather 
constantly with right ventricular preponderance." Twenty-one of 
these patients had hypertension which commonly presents left 
ventricular preponderance and left axis deviation. Furthermore, 
in 13 cases the axis changed one or more times under observation. 
Bundle branch block, which is known to cause variations in axis 
deviation, was not present in any of these cases, although in 9 in- 
stances the QRS complex was slurred and notched and prolonged 
to 0.12 second, suggesting an intraventricular conduction defect 
(Table 3). Hydrothorax was present in 14 patients, but in only 
5 cases was it limited solely to the left pleural cavity. Lewis states, 
furthermore, that ‘displacement by pleural effusion does not appear 
materially to influence the electrocardiogram.””’ 

TABLE 3.—ELECTROCARDIOGRAPHIC CHANGES ASSOCIATED WITH 
Ricgut Axis DEvIATION. 


Type. Cases 
Delayed A-—V conduction 6 
Intraventricular block 9 25.7 
Auricular fibrillation. 6 17.1 
Inverted T 1 ' 12 33.3 
Inverted T2and73 . ‘ 10 28.6 
Inverted T 3 3 8.6 
Abnormal ST’ segme nts 12 33.3 
Absent Q4orR4 . 11 31.4 
Deep S 2 5 14.3 


The presence of right axis deviation in hypertensive and arterio- 
sclerotic heart disease has received scant attention. Nathanson‘ 
found slight right axis deviation in 2 cases (3.3%), in a group of 60 
with advanced coronary disease. Isolated instances of right axis 
deviation have been noted by other workers in cases of coronary 
occlusion. Bohning and Katz? found that shift” was 
infrequent in coronary occlusion, occurring: only in some cases of 
anterior infarction. Comeau and White® in a fost public ation 
found coronary disease in only 7 of 200 cases of right axis deviation 
(3.5%) and concluded that this abnormality was very uncommon in 
coronary sclerosis. The present study indicates that right axis 
deviation such as occurs in hypertensive and arteriosclerotic heart 
disease is commonly associated with the syndrome of coronary 
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thrombosis. The pathologic findings in the 13 autopsied cases and 
the clinical findings in the rest suggest that the underlying lesions 
in all instances were left ventricular hypertrophy, severe coronary 
disease and extensive myocardial damage. Right axis deviation is 
associated with electrocardiographic changes suggestive of anterior 
infarction (inverted 7 1 and TJ 2, absent Q 4), as commonly as 
electrocardiographic changes indicative of posterior infarction 
(inverted 7 2 and T 3, deep Q 3) (Table 3). The postmortem find- 
ings also show that the locations of the infarcts in such cases is not 
characteristic. 

The mechanism of this abnormal and unusual change in the 
electrical axis is obscure. The QRS complex is regarded as repre- 
senting the spread of the excitation waves throughout the ventricles, 
recording only electrical phenomena. ‘These are dependent on 
the health of the ventricular musculature and conduction system. 
Abnormal deviations of the electrical axis are believed to be asso- 
ciated with preponderant disease of one ventricle, and the most 
common cause of axis deviation is disproportionate hypertrophy of 
one ventricle. It is evident from the present study that another 
mechanism causing changes in the electrical axis of the heart is wide- 
spread necrosis of one ventricle, which can so interfere with the 
conduction system of the myocardium as to completely nullify the 
effects of hypertrophy. 

It is significant that 83% of the patients in whom follow-up stud- 
ies were made died within 27 months after the development of right 
axis deviation; 43% of the total series died within 1 month. Conner 
and Holt‘ found an immediate mortality of 16.2% in their analysis 
of 287 patients with coronary thrombosis. White and Bland," 
found that the average duration of life after an attack of coronary 
thrombosis was 2.4 years in a group of 200 cases. The present study 
indicates that there is a higher initial mortality and that the average 
duration of life after the attack is only 7.6 months in patients who 
show right axis deviation after coronary thrombosis. The presence 
of right axis deviation in a patient with clinical evidences of coronary 
thrombosis is therefore a serious prognostic sign. 

Summary and Conclusions. 1. Right axis deviation may occur 
in hypertensive and arteriosclerotic heart disease, even in the pres- 
ence of left ventricular hypertrophy. 

2. It is commonly associated with recent attacks of coronary 
thrombosis and with severe myocardial damage. In 13 autopsied 
cases myocardial infarcts were found in 10 and diffuse fibrosis in 2. 
Right axis deviation occurs in cases with anterior or posterior infarc- 
tion singly or in combination. 

3. Of the patients with right axis deviation in whom follow-up 
studies were made, 83% died within 27 months and 43% of the total 
series died within 1 month of its discovery. The occurrence of right 
axis deviation in patients with hypertensive or arteriosclerotic 
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heart disease without rheumatic and congenital heart disease or cor 
pulmonale indicates a poor prognosis. 

4. Another mechanism altering the electrical axis of the heart may 
be widespread necrosis of one ventricle which can completely nullify 
the effects of hypertrophy of that ventricle. 
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THE TREATMENT OF ALCOHOLISM BY ESTABLISHING A 
CONDITIONED REFLEX. 


By L. Vorcriin, M.S., M.D., 


MEDICAL DIRECTOR, SHADEL SANITARIUM, 
SEATTLE, WASH 

Tue utilization of the principle of the conditioned reflex in the 
treatment of alcoholism was first suggested by Markovnikov‘ and 
by Ichok,* in 1934. The former author cited some experimental 
results, but Ichok presented only a philosophic discussion of the 
subject. 

A conditioned reflex may be defined as the eliciting of a normal or 
unconditioned reflex response by means of a strange or unnatural 
stimulus. Thus if salivation in an experimental animal is made to 
result solely from the stimulus of a ringing bell, a conditioned 
reflex has been established. These reflexes are called conditioned 
reflexes because they require a period of training or conditioning 
before they may become manifest. The fundamental concept of 
the conditioned reflex and the importance of its several peculiar 
characteristics has been studied most exhaustively by Pavlov. 

Method of Treatment. In applying the foregoing physiologic con- 
siderations to the treatment of alcoholism, the action of certain 
nauseant drugs is utilized to elicit the unconditioned reflex of nausea 
and vomiting. The sight, smell and taste of alcoholic beverages 
serve as the conditioned stimulus, and thus, a conditioned reflex 
can be established. The physical properties of alcoholic beverages 
when utilized as the conditioned stimulus will, upon exhibition, 
initiate reflex activity of the centers of nausea and vomiting. A 
distaste is thus created for the conditioned stimulus, amounting 
to a strong and definite aversion to the sight, smell and taste of 
liquor. It is interesting to note in passing that an analogous con- 
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ditioned reflex occurs spontaneously in nature in certain cases of 
food poisoning. It is probable that every one after partaking of 
certain foods too abundantly or of “tainted’’ food, has experienced 
nausea and vomiting. It is true that after such an unfortunate 
experience there is left in the mind of the person an aversion or dis- 
taste, that may last for vears, for the particular food in question. 
It is of further interest to observe that the person may experience 
no distaste whatever for the food actually causing the illness should 
it escape his suspicion. His dislike may center upon an entirely 
blameless and innocent food that was eaten just prior to his illness. 
This observation indicates the importance of suggestion in estab- 
lishing the conditioned reflex. 

The establishment of a conditioned reflex aversion to alcohol is 
undertaken during a number (usually 5 to 7) of seances or treat- 
ments with rest periods between. The average hospital stay is 5 
days. No food except liquids and no sedative drugs are given for 
at least 12 hours prior to each treatment. Our choice of nauseant 
drugs lies between emetine and apomorphine. We have chosen 
emetine because its action is more prolonged and it produces no 
hypnotic effect following its use to complicate the interpretation 
of the results. However, small doses of apomorphine given in con- 
junction with the emetine achieve a degree of nausea and emesis 
impossible with emetine alone. Each treatment should be given 
only by a physician especially trained and experienced in this work. 
Experience has taught that a certain hazard exists in the admin- 
istration of the treatments. Alarming though not dangerous col- 
lapse may follow the injudicious administration of the suggested 
medication. 

The treatment room is constructed with special attention given 
to the physical comfort of the patient during treatment. The room 
is soundproofed in order to avoid extraneous stimuli, such as con- 
versation, street noises and all other distracting influences. The 
lighting is subdued with the exception of the treatment table. It 
is believed worth while to have the treatment table with its array 
of liquors “‘spot lighted” in plain view. The patient’s attention is 
thereby constantly focused on our conditioned stimulus. This 
attention to the visual sense will cause the sight of liquor to become 
one element of our conditioned stimulus. Similarly, by forcing the 
patient to smell deeply of various liquors at every possible oppor- 
tunity during the treatment, the olfactory sense may also be utilized 
as still another element of the conditioned stimulus. These points 
are of vital importance. In our experience we have found aversion 
to the sight and smell of liquor to be very marked following comple- 
tion of the course of treatments. Usually this aversion to sight and 
smell is sufficient to cause the patient to avoid alcohol without the 
more dangerous experiment of tasting liquor that he may satisfy 
his curiosity relative to his inability to drink. 
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Since the conditioned stimulus is specific, it is necessary to use 
every conceivable type of liquor as our conditioned stimulus. 
However, the particular type of beverage usually consumed should 
receive the greatest stress. If this technique were not observed it 
would be possible to create a successful aversion to whiskey, for 
example, and none to other liquors or beer. 

The drugs used during the treatment are made up in 40 cc. ampules 
from which individual doses may be drawn with ease and accuracy. 
The proportions used are as follows: 


Emetine HCl . 50 grains Ephedrine SO, 23 grains 
Pilocarpine . . . 25 grains Water qs 10 ce. 


Pilocarpine is included not only because of the psychic effect of its 
producing profuse diaphoresis and sialorrhea, but also because of 
the feeling among older writers that it- helps combat the physical 
taste for liquor. The ephedrine is used to combat the fall in blood 
pressure experienced by some patients after emetine administra- 
tion. We feel that a fall in systolic blood pressure below 100 is indi- 
cation for rest and continued ephedrine medication until a near nor- 
mal level is again reached. 

In administering the actual treatment the following routine is 
used. The patient is made comfortable in the treatment room and 
the appropriate dose of the emetine-pilocarpine-ephedrine mixture 
is given (Minims vi to xii) hypodermically. Variations in dosage 
depend not so much on body weight as upon the personality of the 
patient. Selection of the proper amount is largely based on previous 
experience and observation of the effect obtained during the first 
treatment. It is well to mention casually to the patient that this 
medication is merely a stimulant to support him during the ensuing 
violent nausea. Such a remark serves not only to remove the injec- 
tion as a possible source of the following nausea but also suggests 
to the patient that the drinking of the liquor is going to make him 
acutely ill. Experience alone will enable one to judge the exact 
moment when the emetine nausea will begin (usually 2 to 8 minutes) 
and consequently the exact moment when the first drink of liquor 
should be offered. It is of paramount importance that this first 
offering of liquor should be given within several seconds before the 
onset of nausea and certainly under no conditions should it be with- 
held until either nausea or salivation has appeared. An error of 
only a few seconds in the first admission of alcohol will not only 
annul the effect. of the treatment but will, according to our experi- 
ence, make the patient recalcitrant to further efforts to establish 
a satisfactory conditioned reflex. If an error in timing has been 
committed and the liquor is given prematurely the onset of nausea 
may be hastened by administering | to 2 grains of emetine orally 
in whiskey. Since this drug apparently acts centrally to lower 
the threshold of mucosal irritability the effect after oral adminis- 
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tration at this time is more quickly manifest than would be an addi- 
tional hypodermic injection. Since this oral intake of emetine is 
almost entirely rejected before absorption can take place one can 
disregard the effect of this administration from a systemic point of 
view. Following the onset of nausea all types of liquor are forced 
on the patient, making certain that each empty glass is smelled 
deeply. Warm water is given frequently in order to afford easy 
emesis and to avoid retching. After emesis is completed the above 
routine is repeated until the nauseant effect has begun to wane. 
The stomach is then thoroughly emptied and washed with warm 
water using the Ewald tube. The patient is then covered carefully 
and left in the treatment room until the pilocarpine diaphoresis 
has ceased. 

Occasionally a patient is unable to regurgitate in spite of deep 
nausea. In these instances the stomach must be emptied promptly 
via the Ewald tube. Absorption of alcohol to the point where an 
effect is noted by the patient will vitiate the entire treatment. The 
necessary use of the Ewald tube does not in any way render the 
treatment less effective. 

It has been found that an occasional patient develops little or no 
nausea following the administration of emetine. In these cases 
it has been noted that the hypodermic injection of a small dose of 
apomorphine (grains | 20 to 1 40) in conjunction with emetine will 
invariably initiate severe nausea. This procedure must be used 
with much caution due to the fact that approximately 30° of the 
patients so treated develop alarming syncope coupled with marked 
bradycardia amounting in a few instances to complete momentary 
cardiac standstill coincident with the onset of nausea. This is of 
course on the basis of strong vagus stimulation of central origin 
and may be overcome largely with preliminary atropine medication. 
Pilocarpine should not be given when the mixed treatment with 
emetine and apomorphine is used. 

Routine laboratory work was performed on each patient, includ- 
ing daily chemical and microscopic urinalysis, blood pressure deter- 
minations 3 to 5 times daily, as well as the indicated blood-chemistry 
studies. 

Contraindications to the treatment comprise in the main the 
cardio-vascular-renal syndrome, hepatic cirrhosis with or without 
esophageal varices, hernia (unless guarded), active peptic ulcer or 
history of recent hematemesis and active psychosis. 

Results. In the past 4 years 685 patients with chronic alcohol- 
ism have been treated by the foregoing method. Of this total num- 
ber the exact status of 538 of these patients is known. The latter 
figure will form the basis of the statistical data to be presented. 

The answer to the question as to results is of course based on the 
percentage of cures obtained. Chart 1 shows graphically the per- 
centage of complete abstinence among patients treated during each 
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6-month period for the past 4 years. Examination of these data 
will reveal that with the exception of the most recent and the most 
remote periods, the percentage of sobriety is remarkably constant, 
varying only between 62 and 69%. It is felt that the low percentage 
(50%) noted in the most remote period (48 months) is due to the 
fact that this group represents the first cases treated more or less 
experimentally and that certain mistakes and omissions of technique 
occurred, which have later proven to be most important, and that 
a relatively poor result was thereby obtained. While the percentage 
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CuHart 1.—Showing the percentage of abstinence at the present time among 
patients treated during each 6-month period during the past 4 years. 


48 


of abstinence for the 6-month period immediately following treat- 
ment is found to be 97.3°, the percentage during the second 6- 
month period is seen to be only 65.7%. This indicates clearly, in 
view of the number of cases reported, that the great majority of 
relapses occurred between the sixth and twelfth months following 
treatment. It is believed in view of these figures that if a relapse 
does not occur during the first year, the subsequent danger of a 
relapse is not great. The slight fluctuations shown after the first 
year in the graphic representation of the data are due to variations 
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in personality types vagariously included in any particular period 
with a corresponding tendency to make the results of that period 
better or worse, as the case may be. It would be illogical to con- 
sider these variations as a function of the factor of elapsed time fol- 
lowing treatment. By obtaining an average figure for all of the 6- 
month periods after the end of the first 6 months, and even including 
the remote period of experimentation, it would seem from the data 
presented that by this method we have a conservative expectation 
of 64.39% of total and permanent cures. By a “cure’’ in this sense 
is meant total and permanent abstinence from alcohol of all types. 

The average age of admission was 41.5 years. The average age 
of those returning to drink was 38.0 years, showing the tendency 
for younger patients to relapse. It is interesting to note that among 
the entire series of cases we have been unsuccessful in treating a 
single individual under 28 years of age. The percentage of abstin- 
ence among women patients was found to be 57° following treat- 
ment, which is somewhat below the average for the entire series. 
No correlation was found to exist between relapses and either dura- 
tion or severity of addiction. Relapses are more common, however, 
among wine drinkers than beer drinkers and least frequent among 
patients who are users of distilled liquors such as whiskey. 

Many of the patients who have returned to drinking following 
treatment have presented themselves for retreatment. While we 
have as yet no authoritative data to report in this connection, it is 
indicated from experience that the prognosis in these cases is poorer 
than in the untreated group. Many of these patients have relapsed 
a second time soon after treatment. 

Considering the fact that the majority of patients presenting 
themselves for an alcoholic cure are confirmed and heavy drinkers 
and that they usually come during a prolonged spree, and consider- 
ing, further, that alcohol is withdrawn suddenly during treatment, 
it is surprising that delirium tremens developed in only 14 (2%) of 
the total number of treated cases. ‘Twenty-one patients were 
admitted in acute delirium. We have felt in the past that our 
freedom from delirium was due to the spontaneous dehydration® 
of the patient following profuse pilocarpine diaphoresis and emesis. 
Chart 2 showing the average of 100 unselected cases indicates the 
extent of dehydration in spite of the fact that fluids are forced 
during the treatment. That the sedative action of alcohol on the 
central nervous system is not the sole factor as suggested by Tatum’ 
is indicated by the fact that only rarely is it necessary to administer 
sedative medication. Recent advice, however,!:® would indicate 
that dehydration per se is not the factor that controls the incidence 
of delirium tremens. The further investigation of pilocarpine in the 
therapy of delirium is indicated. The mortality in our series of 
35 eases of delirium tremens was a single case that expired before 
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treatment could be instituted. This represents a mortality of 2.8°% 
if this untreated case is included. 
The mortality of the entire series of cases receiving the complete 
treatment was a single death (0.14°7) due to cardiac failure. 
Laboratory studies show that while 36.8°% of patients on admis- 
sion show albuminuria only 3.9°% have this finding upon being dis- 
charged. 
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CuHartT 2.—Showing the increase in urinary specific gravity (dehydration) in 100 
unselected cases during treatment. 


Discussion. Failures under this method of treatment are due in 
very few instances to the inability to establish a satisfactory con- 
ditioned reflex. The greater proportion of failures are due to the 
natural breaking down and weakening of the conditioned reflex 
due to the lack of periodic reénforcement. This is indicated by the 
fact that the relapses occur during the sixth to twelfth months 
when the reflex might be expected to weaken or disappear. Re- 
lapses occurring before the sixth month are almost without excep- 
tion characterized by gross psychopathic traits. Those cases of 
permanent cure are seen in individuals who possess sufficient residual 
psychic balance spontaneously and automatically to repair the 
fundamental personality defect which is the basis of their drinking 
during the period of enforced abstinence before the mechanism of 
the conditioned reflex becomes weakened to the point where it is 
no longer effective. This suggests the desirability of reénforcement 
by secondary treatment after the sixth month following the original 
treatment. It is felt that this practice would greatly enhance the 
value of the results obtained. 
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In our experience there are two main causes for relapse. The 
first is the feeling on the part of a patient that following a variable 
period of abstinence without conscious effort on his part, he is now 
able to drink socially and in a controlled manner. Only 4 of the 
total number (175) of relapse cases have been able to accomplish 
this. The second cause is curiosity on the part of the patient as to 
whether liquor will actually make him ill, if it should be taken. 
Needless to say either experiment on the part of the patient is a 
most dangerous procedure and will almost certainly lead to a relapse. 

A most interesting sidelight on the mechanism of the conditioned 
reflex is furnished by the chance observation that during the devel- 
opment of an aversion to alcohol a simultaneous aversion to snuff 
is often acquired. If the latter aversion is desired by the patient, 
the snuff is given only before each treatment, whereas if the patient 
wishes to retain the habit he is instructed to chew snuff between 
but not immediately before the treatment. Because of the lesser 
psychiatric significance of the snuff habit as compared with alco- 
holism, we have never in our knowledge known a patient to revert 
to the habit of chewing snuff even though he may revert to drinking. 

The medical literature is remarkable for the paucity of statistical 
data relating to cures by various methods of treatment for alcohol- 
ism. The gold chloride type of treatment so popular about the 
turn of the century, and still practiced sporadically in some parts 
of the country, claimed a success of 95°%. Examination of further 
data, however, reveals that only 55° of these patients remained 
sober at the end of the first year and only 10% of abstinence was 
noted at the end of the third year. Other data’? show successful 
results in 61° of a series of 1100 cases. These and other data, 
while open to error, suggest that approximately 33.39 may be 
reasonably considered as permanently cured. Sajous’ by employing 
hypnotic suggestion in 1284 cases obtained favorable results in 
80°. The length of abstinence and criterion of cure were not included 
in the data and it is assumed that the favorable results mentioned 
did not necessarily constitute total and permanent abstinence. 

It is not the intention of this paper to claim superiority of this 
method over any other or to compare the results obtained by various 
methods of therapy. The primary interest is to present the results 
of treatment obtained by a method based upon the principle of the 
conditioned reflex. Other methods of treatment have probably 
unwittingly included the principle in some phase of the treatment 
hut have apparently never premeditatively based their immediate 
treatment on this factor alone. 

It should be noted that no attempt at psychiatric care was made 
with any patients of this series. It is our opinion that if appropriate 
mental care could have been furnished this series of cases, our per- 
centage of relapses would have been much smaller. We have, how- 
ever, made systematic efforts through social service workers to do 
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rehabilitation work in those cases where it is necessary that assist- 
ance be given in such matters as regaining lost positions, smoothing 
out domestic incompatibilities and obtaining employment, etc. 
It is felt that this work is of the greatest importance in aiding the 
reclaimed alcoholic to find his lost position in society. 

Summary. 1. The technique of a new physiologic approach to 
the problem of the treatment of alcoholism, the conditioned reflex, 
is given. 

2. Younger individuals and women are less promising patients 
from the standpoint of ultimate cure than are mature men. 

3. The treatment is safe; having a mortality of less than 0.15%. 

4. About 64% of permanent cures may be expected as a result 
of this treatment when rehabilitation measures are practiced fol- 
lowing discharge. 

5. Psychotherapy and routine reénforcement after the sixth 
month following treatment will probably improve these results 
markedly. 
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STUDIES ON A PURIFIED ANTIGEN FROM BRUCELLA.* 
By P. Morates-Orero, M.D., 


AND 


L. M. GonzAuez, B.S., 
SAN JUAN, PUERTO RICO. 


(From the Department of Bacteriology of the School of Tropical Medicine, 
University of Puerto Rico, under the auspices of Columbia University.) 

CuTANEOuS hypersensitiveness to specific antigen as a test for 
brucella infection has been used by several authors.!2:%4.6.7,1%.12.15, 
19.20 Unfortunately, a diversity of preparations**:**.3 has been used 
as antigens, making correlation of results difficult. We have tried 
to obtain a standard preparation which could be measured accu- 
rately, would be a good antigen, would be stable and could be pre- 
pared easily and with the least possible denaturization. 

This has been made possible by following a modification of Sei- 
bert’s method'* for the preparation of P.P.D. (purified protein 
derivative from tuberculin). Since brucella organisms cannot be 


* This paper was read at the Third International Congress for Microbiology, 
New York City, September 2-9, 1939. 
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made to grow on synthetic media, as has been demonstrated by 
previous investigators,'' we were unable to utilize a filtrate of the 
cultures as with the tuberculin products.'® We started with a solu- 
tion of cellular constituents of the brucella organisms and pro- 
ceeded to extract and purify the protein fraction. 


Method. Strain No. 456 National Institute of Health, Washington, 
D. C., was used. 

Large amounts of Brucella abortus are grown on standard nutrient agar 
pH 7* in Blake bottles for 72 hours at 37° C. Approximately 5 ml. of 
saline with 0.5°; phenol are added to each bottle and left for 30 minutes in 
contact with the culture, to loosen the cells. The phenolized saline con- 
taining the suspension of cells is removed from the bottles with sterile 
pipettes and the surface of the agar thoroughly washed with more phenol- 
ized saline. The organisms are recovered by centrifuging at high speed, 
and dried ¢ in a calcium chloride desiccator until they attain a horny appear- 
ance. Then they are ground in an electric grinding apparatus to obtain a 
fine white powder. This fine powder is mixed with 2 liters of 0.02 N sodium 
carbonate and placed in the refrigerator over night. Next morning the 
alkaline suspension is filtered, first through a paper and then through a 
Berkefeld candle. To the filtrate we add 0.5% phenol, to avoid bacterial 
contamination during the following steps of the procedure. The filtrate 
is then concentrated by ultrafiltration through alundum cups impregnated 
with 13°; gum-cotton glacial acetic solution prepared according to the 
method described by Seibert.'* The ultrafiltration is continued until the 
liquid is concentrated to about 100 ml., then it is washed by passing 500 mi. 
of distilled water through the alundum cup filter. The concentrated 
colloidal solution is then filtered through a paper to eliminate any insoluble 
material that may have sedimented during the ultrafiltration. The protein 
is precipitated by mixing the colloidal solution with one-fourth its volume 
of a 50°; freshly prepared aqueous solution of trichloracetic acid making a 
final concentration of 10°, acid. After standing over night in the ice box, 
the protein precipitate is thrown down by centrifugation. Then it is washed 
repeatedly by centrifugation with freshly prepared 10% trichloracetic acid 
solution until the washings are colorless. The protein product is then 
washed with large volumes of anhydrous ether by repeated triturations and 
centrifugations until all the acid is removed and the precipitate is com- 
pletely dehydrated. The nitrogen and polysaccharide contents of protein 
prepared from different batches of cell cultures vary between 1 and 2%. 

The final product thus obtained fulfills our requirements, for it is of a 
fine consistency, light brown in color, of a fairly constant chemical composi- 
tion, can be measured accurately, is stable in the dry state and constitutes a 
good antigen. It is not completely soluble in water, but is easily dissolved 
by adding a few drops of 0.1 N alkali. The solution is neutralized with 0.1 N 
hydrochloric acid and it remains clear. This preparation has been used in 
determining cutaneous hypersensitiveness among contact groups and 
groups from the general population of the island of Puerto Rico, where 
endemic abortion is prevalent and in the island of St. Thomas where endemic 
abortion is not known to exist. At the same time, agglutinative, comple- 
ment fixation and opsonocytophagic tests were made on the same subjects. 

To carry out the skin test we proceeded as follows: 

The purified protein product was dissolved in saline by the method de- 
scribed above, so that the resulting solution would contain 0.1 mg. per ce. 
One-tenth cubic centimeter of the solution thus obtained (containing 
0.01 mg.) was injected intracutaneously over the flexor surface of the forearm. 


+ Drying the organisms has been introduced as a modification to the original 
method to obtain a higher yield of the product. 
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The site of injection was examined 48 hours later. In subjects that reacted 
positively, there was marked erythema and edematous induration. In 
sensitized guinea pigs the reaction is characterized by a violent inflammatory 
response with neutrophilic infiltration and much edema. The reaction is 
well developed 6 hours after injection, but is most marked on the 3d day, 
after which it regresses rapidly.'’ Negative cases showed no changes. The 
opsonocytophagic test was carried out by the technique described by 
Huddleson.* Agglutinative and complement fixation tests were made with 
the technique described by one of us previously,'® modified by using purified 
brucella protein as antigen in the complement fixation tests. 

Material. Three groups were tested. Group A consisted of 222 adult 
males from Puerto Rico working in contact with cattle or infected material 
as milkers or cattle handlers near San Juan. Group B was composed of 1003 
children and adults from the general population of San Juan, whose milk 
supply is infected with Br. abortus. Group C was composed of 448 children 
and adults from the general population of St. Thomas, where abortion dis- 
-ase is not known to exist. 

Results. Of the 222 adults of Group A 35.5% reacted to one or 
more of the tests made, 24.7°% showed hypersensitiveness, 20.2; 
showed a positive opsonocytophagic reaction, 5.4°% showed positive 
agglutination and 7.2°% showed a positive complement fixation 
reaction. 

Of the 1003 cases of Group B 5°% reacted positively to one or more 
of the tests, 4.2% gave a positive cutaneous reaction, 2.3°% showed 
a positive opsonocytophagic reaction, while 0.29°% were positive 
to agglutination and 0.49% showed a positive reaction to the com- 
plement fixation test. 

Of the 448 children and adults from the general population of 
St. Thomas, where endemic abortion is not known to exist, all cases 
were negative to the skin test, agglutination and complement 
fixation reactions. One per cent gave positive opsonocytophagic 
reaction. ‘Iwo cases suffering of advanced pulmonary tuberculosis 
showed + reactions to the skin test, but in both instances the reac- 
tion was considered negative and the cases were negative to all other 
tests (see table). 

TABLE 1.—CoORRELATION OF BRUCELLOSIS TrEsTS IN A Contact Group AND GROUPS 
FROM THE GENERAL POPULATION. 


Group from Group from 
general general 
Contact group population of population of 
Groups tested. St. Thomas. 
Number of persons tested 222 1003 148 
Reactors to one or more tests, % 35.5 5.0 2.3 
Reactors to skin test, % 24.7 3 0 
Reactors to agglutinative test, % 5.4 0.29 0 
Reactors to complement fixation test, % 7.2 0.49 0 
Reactors to opsonocytophagic test, % . 20.2 2.3 2.2 
Clinical evidence, % . 3.3 0.3 0 


Total number of persons tested, 1673 


Discussion. ‘There is no correlation between cutaneous allergy 
to brucella infection and other immunological reactions such as 
agglutination or complement fixation. 
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As in Evans’ report,® in our series there were cases positive to the 
opsonocytophagic test, which gave a negative cutaneous reaction, 
and cases showing a positive cutaneous reaction which were negative 
to the Opsonocys tophagic test. Others were positive to both and neg- 
ative to agglutination or complement fixation. It is worthy of note 
that in our series, using the purified protein as an antigen, the 
number of cases giving a positive reaction to the complement fixa- 
tion test was larger than that giving a positive agglutination. In 
experimental work published by one of us,'® it was demonstrated 
that agglutinins in rabbits develop earlier and disappear earlier 
from the blood than alexins. 

Using the purified brucella protein for cutaneous tests in this 
series, none of the cases showed necrosis, although 8°% of the posi- 
tive reactors developed constitutional reaction accompanied by 
pain or discomfort in the arm, general malaise and slight fever, 
which usually lasted 24 hours. Severe local and systemic reactions 
were absent. 

There is a direct relation between contact with infected sources 
or ingestion of infected raw products and skin reaction to the puri- 
fied brucella protein. 

Contact with infected material may cause the development of a 
state of hypersensitiveness as shown by injection of purified brucella 
protein, although clinical signs or symptoms of the disease may not 
have been evidenced.*'* Other cases may show laboratory and 
clinical evidence of infection by brucella organisms, and yet do not 
show hypersensitiveness;''* still others may have been in contact 
with sources of infection for many years and show symptoms of 
previous latent infection and give a negative reaction to the injec- 
tion of brucella protein. In the case of anergy in the presence of 
proven brucella infection, clinical and laboratory evidence may 
precede the development of a positive reaction. This may merely 
represent a delay in the appearance of allergy and these cases should 
be tested from time to time to see if hypersensitiveness develops 
some time during infection. 

Desensitization apparently occurs. We observed that usually 
the older milkers and those that had been working in an infected 
dairy for many years, were negative to the cutaneous test, although 
they, undoubtedly, had chances of becoming infected. In some cases 
they were positive to one of the other reactions, but usually they 
were negative to all of them. 

The possibility of sensitization without infection must be duly 
considered in evaluating the skin reaction. No doubt there is a 
necessity for a standard preparation that will react with specificity, 
stability and constant potency, and it is hoped that the purified 
brucella protein may fulfill this need. 

In our opinion, the cutaneous test to the purified brucella protein, 
when positive, only occurs in persons that have been previously 
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sensitized to brucella protein. It should be of great value in epi- 
demiological investigations in determining the persons that have 
been in contact with infected sources, but until further work is 
done it should not be considered as proof of present or = infection, 
since it only shows a state of hypersensitiveness in persons that 
have been in close contact with infected material. 

From the practical standpoint, it seems doubtful if there is as much 
significance in determining how many have ever been infected with 
brucella as in finding how many harbor the bacilli at the moment. 
Whether or not this can be done remains to be proved. 

Conclusions. 1. A method for the preparation of a purified pro- 
tein derivative from brucella cells is described. The product 
obtained is of a fine consistency, light brown in color, of a fairly 
constant chemical composition, can be measured accurately and 
constitutes a good antigen. 

The preparation has been used successfully as an antigen in 
complement fixation tests and in determining cutaneous hyper- 
sensitiveness to brucella in man and laboratory animals. 

3. In man there is a direct relation between contact with infected 
material or ingestion of infected raw products and skin reaction 
to purified brucella protein. 

4. The incidence of positive reactors to the skin test in Puerto 
Rico, where Br. abortus infection is prevalent in cattle, was 24.7% 
in contact groups and 4.2% in groups from the general population 
consuming raw milk from infected sources. On the island of St. 
Thomas, where infection is not known to exist, we were unable to 
find any reactors in the group examined. 
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THe study of experimental arterial hypertension which will 
result from constriction of the renal artery by Goldblatt’s method 
has led to the inference that the likely cause for the elevation of 
blood pressure is a pressor substance elaborated by the affected 
kidney.’ An alternative possibility needs still to be considered: 
that the presence of a presumably altered kidney may result in the 
diminished destruction or excretion of pressor substances formed 
elsewhere than in the kidney. 

We have been able to confirm the fact that 2 rats living as Siamese 
twins, with interchange of their capillary and lymphatic fluids as 
demonstrated by anatomic’ and physiologic" studies, will survive in 
the total absence of renal tissue from one of the two parabiotic ani- 
mals.” ‘This type of preparation seemed favorable for an approach 
to testing the second hypothesis mentioned: if the excretion of 
pressor substances formed outside the kidney were impaired by the 
reduction of renal tissue, then one or both parabionts might show 
hypertension. Such a result, however, might be dependent upon 
other mechanisms, such as fluid retention with an associated in- 
crease in blood volume. 


Method. Litter mate male rats were joined together by the method of 
Bunster and Meyer? when they were 20 to 30 days old. In some instances 
one kidney was removed from one or both animals at the time of joining. 
After 60 to 90 days further nephrectomies were performed until only one 
kidney remained to function for both animals. 

Estimations of systolic blood pressure were made by the method of 
Griffith,** using soluble Evipal (N-methyleyclohexenylmethyl barbituric 
acid) intraperitoneally (7 mg. per 100 gm. body weight), to obtain a brief 
period of light anesthesia. The blood pressure was taken prior to each 
successive nephrectomy in the adult animals, and usually daily following 
the third nephrectomy for as long as the animals survived. In our hands 
this indirect method of estimating blood pressure has shown a tendency 
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to give lower readings than the more accurate method of Hamilton, Brewer 
and Brotman.* 

In another series of parabionts blood volume was determined by the 
method of Griffith and Campbell,’ before each nephrectomy in the adult 
parabionts, and weekly after the third nephrectomy. The animals were 
anesthetized as for the taking of blood pressure, and injections were made 
into the femoral or jugular veins. Microchemical determinations of the 
blood urea nitrogen were made by the Folin method.* 

The animals were allowed to drink water as desired and likewise to eat 
an unmeasured quantity of Purina Dog Chow supplemented by a semi- 
weekly ration of cabbage and celery leaves and carrot roots. 

The weight of each parabiont was obtained by carefully placing the 
anesthetized animals on two adjacent scales. The sum of the individual 
weights was found to approximate the weight of both animals on a single 
scale by an error of not more than 5 gm. 


BLOOD VOLUME BLOOD PRESSURE 
cc/100 GRAMS M MHG 


ONE KIDNEY 140 


+t 200 


| 
DAYS + + 


CuHarT 1.—A comparison between blood volume of 11 pairs of parabiotic rats, 


and systolic blood pressure of 19 pairs of parabiotic rats, toward the end of their 
survival period. 

In the top section on either side are values for parabiotic twins retaining one kidney 
(the other member of the pair having no kidneys); the middle section records the 
same features for totally nephrectomized animals (the other member of the pair 
having one kidney); while the bottom section shows the arithmetical difference 
between the values above, i. e., doubly minus singly nephrectomized. The doubly 
nephrectomized animals invariably show a larger blood volume, and usually exhibit 
higher blood pressure. 


Results. Following the removal of the third kidney the twin 
rats will live for as long as 3 months. However, with repeated 
anesthesias for the taking of blood pressure and blood samples, the 
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median survival of 19 pairs of rats was 10 days. In the last week 
of life the totally nephrectomized animal showed increasing eleva- 
tion of blood urea nitrogen, while its parabiont retaining one kidney 
showed only slight azotemia at most.” There was usually progres- 
sive weight loss following the third nephrectomy. At necropsy 
the first of the pair to die showed visceral congestion, ascites and 
hydrothorax being found in 8 instances. The totally nephrectom- 
ized animal was usually the first to die. 

Prior to the third nephrectomy no marked variations between 
the blood pressures of the two parabionts were observed. After 
the third nephrectomy, however, 13 of 19 pairs of rats showed a 
terminal elevation of systolic blood pressure to 140 mm. Hg or 
more, in 10 instances the higher pressure being exhibited by the 
totally nephrectomized animal. Seven of the 8 animals showing 
serous effusions had terminal hypertension. All blood pressure 
readings taken during the last 12 days before death are recorded 
for 19 pairs of animals in Chart 1. 

TABLE 1.—BLoop VOLUME IN SINGLE AND ParasBiotic Rats. THe Mean 


VoLtuME oF Parasioric PARTNERS WitH Bots KipNeys REMOVED Is 
SIGNIFICANTLY ELEVATED. 


Single Paral 
Partners. 
24 hours 
after both One kidney 
Intact One kidney.| kidneys Intact out of each One Both 
out iney 
Number of observa- 
tions 4 6 4 47 22 11 11 
Mean blood volume 
ec. per 100 gm 492 12,50 + .17\4.95 = 11/4.862 .1 = .23 
Incidence of blood 
volume of more 0 0 0 9 3 ] 7 


than 5.5 
* Standard error of the mean, 


Blood volume determinations were made upon a second series 
of both single and parabiotic rats after one or both kidneys had 
been removed. The results for each type of preparation are seen in 
Table 1. Because of the necessity for exposing and puncturing the 
femoral veins when repeated estimations of blood volume were made, 
no blood pressure readings were attempted on this series of animals. 
Comparing the two series, in the last 4 days of life the totally neph- 
rectomized animal showed a significantly preponderant incidence 
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of hypertension, and in every parabiotic pair studied there was a 
higher blood volume. This, together with the degree to which the 
totally nephrectomized rats’ blood volume and blood pressure are 
increased, is shown in Chart 1. 

Discussion. Parabiosis, as produced in rats, has afforded the 
opportunity to observe changes in blood pressure and blood volume 
following nephrectomy over a longer period of time than the single 
animal would survive. The frequent occurrence of hypertension 
in the totally nephrectomized parabiotic rat is in contrast with the 
usual behavior of individual dogs as shown by Harrison, Mason, 
Resnik and Rainey.* To the best of our knowledge, ours are the 
first experiments in which hypertension has been observed to occur 
frequently in totally nephrectomized animals. Beckmann, Basz, 
Diirr, and Drosihn' have demonstrated an increase in the blood 
volume of dogs 48 hours after nephrectomy. Miller and Williams” 
observed marked elevations of blood pressure upon giving large 
quantities of fluid to patients with hypertension and with nephritis. 
Griffith,” using a somewhat similar technique in rats, has shown the 
rise in blood pressure to be accompanied by an increased blood 
volume. 

In the light of the foregoing references, hypervolemia seems to 
be at least an important factor in the production of high blood 
pressure late in the survival period of the totally nephrectomized 
parabiotic rats. If the retention of pressor substances is a factor, 
their effects could be only contributory. 

Summary. ‘Totally nephrectomized rats will survive in para- 
biosis for 2 to 90 days following the second nephrectomy. They 
will show progressive weight loss and azotemia in the last week of 
life. Terminally hypervolemia and hypertension will usually appear. 
The probable mechanism of this type of experimental hypertension 
is discussed. 


The authors wish to acknowledge their gratitude to Dr. J. Harold Austin for his 
invaluable assistance in the planning and interpretation of these experiments. 
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TuHE relationship of obesity to hypertension is still a moot ques- 
tion and its exact significance awaits further clarification. There is 
no question but that there is a positive statistical correlation be- 
tween obesity and hypertension. In any large group there will be 
more systolic and diastolic hypertension in the obese members and 
fewer low pressures than in the non-obese.*~*"°%°2! Further, in 
any hypertensive group there will be almost three times more over- 
weights than underweights. Clinically, too, the relationship is 
demonstrated by the lowering of the blood pressure of obese patients 
when weight reduction is effected.''*'> In spite of this it has not 
been implied that obesity causes hypertension for there are some 
underweights who are hypertensive and some overweights who have 
low pressures. The most that can be concluded from the statistical 
and clinical relationships is that there may be something about 
obesity that aggravates an inherited predisposition to hypertension. 
If it is not the obesity itself, then the altered metabolism associated 
with obesity may be a contributing factor that aggravates a latent 
hypertension. Even such inferences are not final. Several extrane- 
ous and disturbing factors enter into the picture. One of the most 
important is the rdle of body build. Body build of itself is definitely 
related to weight and blood pressure.2*''"!62 Before we can 
fully assess the obesity factor in hypertension, it must be separated 
from its dependence upon body build which also asserts an unfavor- 
able influence on blood pressure. It is the purpose of this paper to 
consider the effect of both of these forces by separating the weight 
from the build factor and determining the relative influence of each 
in their correlations to hypertension. 

In two previous papers hypertension was shown to be positively 
correlated to both obesity'® and body build.'®° In this study the 
records of the periodic physical examinations of 3436 men and 2184 
women were analyzed. A complete description of the source mate- 
rial, the method of examination and the composition of the group 
has been published.'* 


* A portion of this material was exhibited at the St. Louis Sessions of the Ameri- 
can Medical Association, 1939, and the Inter-State Post Graduate Assembly, Chicago, 
1939. Assistance in the preparation of these materials, tables, and charts was fur- 
nished by the personnel of the Work Projects Administration, Official Project No.465- 
54-3-37 (3). 
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We showed previously that weight alone was not an accurate 
measure of obesity, so we used the ponderal index-weight divided 
by height. In this paper we introduce chest circumference as a 
further corrective factor in defining obesity by using a modified 


weight 100 


ponderal index This index adjusts for 


’ height X chest circumference 
both height and width, allowing the taller or broader person to carry 
more weight and the shorter or more slender person to carry less 
weight and be classified as normal. Body build is measured by the 
simple ratio of chest circumference to height.+ It will be noted that 
weight is not used to arrive at a build index. 

First, in this study, we divided our sample into four build groups, 
at one extreme the linear or slender and at the other extreme the 
lateral or broad. The portion between the extremes was broken 
into two intermediate groups. Each of these four build groups, in 
turn, was divided into light, medium, and heavyweight subgroups 
as shown in Table 1. 


TABLE 1.—THE INCIDENCE OF WEIGHT CLASSES IN Bopy BuI_p Groups IN 
3436 MEN AND 2184 WomeEN. 


Linear build I ‘ Latera Lateral bu 
slender err 1 r ha road 
Mer Wom Me W Me W M Wome 
Lightweight 267 (49° 261 (4 311(23 165 (21 117 (11 36 (8 8 (2 i) 
Mediumweight | 262 (48° 385 965 (71 $98 (6 R51 (75 252 (54 252 (61 83 (34 
Heavyweight 15 (3 35 (5 75 (6 127 (If 163 (14 176 (38 150 (37 187 (67 
Total 44 651 1351 79 1131 164 41 279 


A study of the weight distribution within each build group showed 
the tendency for the broad or lateral build group to have a far 
greater incidence of obesity than did the linear or slender build 
group. As is apparent from Table 1, as the group becomes more 
lateral or broad the incidence of obesity increases markedly and 
there is a proportionate decrease in the incidence of lightweight. 
For example, consider the striking fact that 37° of lateral or broad- 
chested men are obese, while 3° linear or slender are obese. On 
the other hand, only 2°% of lateral men are lightweight while 49% 
of linear men are lightweight. This same strong affinity of the 


* In the present paper the weight classes are defined as follows: 


Lightweight = Modified Ponderal Index under 6.00 
Mediumweight = Modified Ponderal Index 6.00 to 6.99 
Heavyweight = Modified Ponderal Index 7.00 and over 


A full discussion of the weight breakdowns is found in Reference 19. 
+ In the present paper the body build types are defined as follows: 


Linear build = chest: height ratiolessthan .50 
Linear intermediate build = chest:height ratio between .50—.54 
Lateral intermediate build = chest: height ratio between .55-.59 


Lateral build = chest: height ratio 60 and over 
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lateral build for obesity is present to an even more marked extent 
among women. 

It is therefore very apparent that obesity is an attribute of build. 
The chances of a lateral or broad type individual being underweight 
are slight and the chances of the slender or linear build person being 
overweight are slight. Obesity is therefore dependent to a great 
extent upon the build of the individual and denotes more particularly 
the broad-chested person. 

Mean Systolic and Diastolic Pressures in Specific Weight-build 
Groups. When the effect of obesity on blood pressure in a total 
group in which there is a conglomerate of mixed builds is studied, 
there is a very Significant correlation between body weight and 
blood pressure. However, if obesity is to be considered an etiologic 
factor in hypertension or even a contributing factor, then an in- 
crease in blood pressure must be noted as the weight increases in 
every specific build group. ‘To examine this contention let us first 
study the changes in mean systolic pressure as the weight varies 
in each build group. In Table 2 it can be seen that with a procession 
from light to heavyweight there is not always a_ proportionate 
increase in systolic pressure. There is a slight increase in systolic 
pressure with weight in the linear or slender builds for both men 
and women but in the lateral intermediate men and the lateral build 
women this does not occur. As a matter of fact there is actually a 
reversal of the expected trend, while in the remaining builds the 
difference between light and heavyweight is too small to be sig- 
nificant. 

TABLE 2.—MEAN SysToiic PRESSURE IN SPECIFIC WEIGHT-BUILD GROUPS IN 3436 
MEN AND 2184 WomeEN. 


Linear build Linear Lateral Lateral build 


ender intermediate intermediate broad) 


Men. Women Men. Women Men. Women Men. Women 


Lightweight 116 109 120 113 134 121 136* 141* 
Mediumweight 118 113 120 118 129 127 133 143 
Heavyweight 120* 112 124 120 125 125 134 135 


* Less than 30 persons. 


In diastolic pressure there is a better correlation of weight to 
blood pressure in the respective build groups (Table 3). The obese 
men in every build group showed a slightly higher mean diastolic 
pressure than did the lighter weight men, although the more slender 
women showed no difference and the lateral women a probable 
reversal of trend. 

On the other hand, a very definite and consistent relationship is 
observed between body build and mean systolic and diastolic pres- 
sure in every weight group. Progressing from linear to lateral 
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build the men show a steady increase in systolic and diastolic pres- 
sure in every weight group, and the women do likewise to an even 
more marked degree. Equally significant is the fact that the increase 
in pressure is consistently greater as the group becomes broader 
chested than it is when the group becomes heavier. For example, 
the greatest increase in pressure caused by an increase from light to 
heavyweight among women was 7 mm., while the greatest increase 
from slender to broad build was 30 mm. The mean increase in 
systolic pressure due to weight for men and women was | mm. and 
that due to build was 27 mm.; the mean diastolic increase due to 
weight was 4 mm., that due to build was 11 mm. This fact illus- 
trates immediately the relative importance of obesity and_ build. 
Another interesting observation, though not bearing on this study, 
is that the linear types of women have lower pressures than the 
linear types of men while in the lateral types they tend to be almost 
equal. 

TaBLeE 3.—Mean Diastroric PRESSURE IN SpeciFIC WEIGHT-BUILD GROUPS IN 

3436 MEN AND 2184 WomeEN 


Linear build Linear Lateral Lateral build 
slender intermediate intermediate broad) 


Men. Women. Men. Women. Men. Women. Men. Women 


Light weight 70 67 73 68 77 75 g0* 79% 
Mediumweight 71 69 7 72 70 7¢ 81 81 
Heavyweight . 77* 68 78 73 80 76 87 81 


* Less than 30 persons. 


The Incidence of High Pressures in Specific Weight-build Groups. 
A more illustrative picture of the effect of weight and build upon 
blood pressure is to be found in the comparison of the incidence of 
hypertension within each specific weight-build group. It would be 
expected that the incidence of systolic hypertension would increase 
with an increase in weight in all build groups. Chart 1 shows that 
this is not always the case. The incidence of hypertension rises as 
obesity increases in the linear or slender build groups but fails to 
follow this trend in the lateral groups. There is an actual reversal 
of the trend in some of the broad chested groups revealing less 
hypertension in the obese than in the underweight. 

The distribution of diastolic hypertensives showed a more con- 
sistent correlation to obesity among men (Table 4). In every build 
there is a steady increase in the incidence of diastolic hypertension 
as the group becomes heavier, but the women do not show this 
correlation. Only in the linear intermediate group is the expected 
trend observed. All other groups of women show a minimal ex- 
pected trend or no difference at all. 

On the other hand, the effect of build upon systolic and diastolic 
hypertension shows a consistent and unmistakable tendency. Both 
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men and women become more susceptible to high systolic and dias- 
tolic pressure as they fit into the broader build groups. There is 
more than a 100% increase in the incidence of hypertension as the 
group progresses from the extreme linear to the extreme lateral 
build. The women show 300° and 400°% increases in the incidence 
of hypertension. The same trend is present in diastolic hyper- 
tension. 


TaBLe 4.—THeE INncipENcE oF Drastotic Pressure (Over 80 Mm.) IN 
Speciric WEIGHT-BUILD Groups IN 3436 MEN AND 2184 WoMEN. 


Linear build | Linear Lateral Lateral build 
slender). intermediate intermediate (broad) 


Men. Women.) Men. Women.) Men. Women.| Men. Women. 


Lightweight . | 15% 10% | 23% 10% | 38% 31% | 38%* 44%* 
Mediumweight 22% 13% 30% 22% 41% 38% 52% 61% 
Heavy weight 33%* 11% | 39% 25% | 45% 35% | 87% 51% 


* Less than 30 persons 


Body build exerts a constant and almost proportionate effect on 
both systolic and diastolic hypertension. ‘The broader persons are 
unfavorably affected. On the other hand, obesity was shown to be 
correlated to diastolic hypertension among the men and less so to 
systolic pressure. Among the women obesity shows an inconstant 
effect on hypertension; in some groups there is a positive correlation 
and in others none at all or an actual reversal of the expected trend. 

The Incidence of Low Pressures in Specific Weight-build Groups. 
In those groups where the incidence of hypertension increases it is 
to be expected that the incidence of low pressure will decrease. This 
is true in most instances. The incidence of low systolic pressure is 
smaller in the heavyweight groups of the more linear or slender 
men and women. ‘The linear builds therefore do show a low pressure 

lightweight correlation. In the more lateral builds the obese men 
actually had slightly more low systolic pressure than the light- 
weights, while the women showed a slight tendency towards a 
decreased incidence of low pressure in the heavyweight group. 
The lateral builds, therefore, do not show a low pressure—light- 
weight relation (see Charts 1 and 2). 

The incidence of low diastolic pressures in the obese men is 
always slightly lower than in the lightweight men of any build 
group; the expected trend holds true. However, in diastolic as in 
systolic pressure, lightweight and low pressure are correlated only 
in the linear intermediate women. All other types of women’failed 
to show the expected trend (Table 5). 

On the other hand, the build factor exerts a constant effect upon 
the incidence of low blood pressure. In every weight group for both 
men and women—with one exception in heavyweight men—the 
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(SLENDER) BUILDS BRoAC 
CuHart 1.—The relative influence of obesity and body build on high and low sys 
Of the four body build groups, the extreme linear is on 
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tolic pressures in 3436 men. 
the left and the extreme lateral is on the right. Each body build group, in turn, 
divided into lightweight (blank space), mediumweight (dotted space), and heavy- 
weight (cross-hatched space Within each specific weight-build group the shaded 


section of the circle denotes the percentage of low systolic pressure, and the black 
Moving from linear on the 


section denotes the percentage of high systolic pressure 
left to lateral on the right, the black sections of hypertension show a greater increase 
than they do when moving from lightweight to heavyweight Lightweights are 


found predominantly in the linear build, while heavyweights are found predominantly 


in the lateral build. 


LIGHT 
WEIGHT 
LIGHT MIDOLE 
WEIGHT WEIGHT 
MIDOLE HEAVY 
WEIGHT WEIGHT 
HEAVY 
WEIGHT 


LATERAL BUILD 
BROA 


LINEAR BUILD INTERMEDIATE 
BUILDS 


(SLENDER) 
Cuart 2.—The relative influence of obesity and body build on high and low sys- 
tolic pressures in 2184 women. Construction is the same as in Chart 1. Moving 
from linear on the left to lateral on the right, the black sections of hypertension show 
a greater increase than they do when moving from lightweight to heavyweight 
Lightweights are found predominantly in the linear build, while heavyweights are 
found predominantly in the lateral build. (Charts prepared by W. P. A. project 


465-54-3-3753.) 
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lateral person shows a markedly lower incidence of low systolic 
blood pressure than does the linear or slender person. In one pos- 
sible exception, the heavyweight men, there is a similar tendency 
but not to as marked a degree. The effect of build upon the inci- 
dence of low diastolic pressure is similar to that of low systolic pres- 
sure with the exception, again, that medium and heavyweight men 
show the expected tendency to a less marked degree. 


5.—Tue IncipeENceE or Low Pressure (UNDER 65 Mm.) IN 
WEIGHT-BUILD GROUPS IN 3436 MEN AND 2184 WomeEN. 


Linear build Linear Lateral Lateral build 
slender intermediate intermediate broad 


Men. Women. Men. Women.) Men. Women.) Men. Women 


Lightweight 37% {18% 22% 43% 19% 22% OF 33%* 
Mediumweight 21% 45% 19% 14% 21% 15% 15% 
Heavyweight 27%* 40% 9% 1% 10% 17% 


* Less than 30 persons 


TABLE 6.--CORRELATION Data, THE RELATIONSHIPS OF CHEST/HEIGHT, PONDERAL 
INDEX, AND BLoop PRESSURE 


Chest height tol wins Men r= .184 = .022 
syvstoli ress e 
Women r = .299 = .022 
Men r= .249 + .022 
est, heigh dia I € Wamen 279 = 022 
Men r= .160 = .023 
ine ) aert index to systolic pressure on 
Modified ponderal inde 8) pre ‘ 
Men r= .221 = .022 
Modified ponderal index to diastolic pressure Women r = 228 « 022 
Men r= .467 + .018 
Modified — lera Womenr = 539 = O17 
Modified ponderal index to systolic pressure 
chest ; Men r= .073 = .023 
(Linear persons only, ratio under 0.55 Women 1 128 = .026 
height 
Modified ponderal index to systolic pressure 
chest Men r= .016 = .025 
(Lateral persons only, ratio 0.55 and over Women r = .033 = .037 
height 
Modified ponderal index to diastolic pressure 
chest Men r= .149 = .022 
(Linear persons only, ratio under 0.55 Women r = .137 = .026 
height 
cnes 
(Lateral persons only, ratio 0.55 and over Women r = .084 = .036 
height 


Body build, therefore, exerts a marked constant effect upon the 
incidence of low systolic and diastolic blood pressure. The lateral 
person has a lesser chance of having a low pressure than does the 
linear person. Obese men had less low pressure only in the linear 
type builds and even where the effect is most marked it is minimal 
compared to the effect of body build. 

The same statistical treatment was made in different age groups 
with essentially the same results as given for the total group. A 
study of all age groups should, if anything, yield results more favor- 
able to the obesity-hypertension correlation since the incidence of 
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both increases with age. The obesity-hypertension correlation is 
less strong in the age groups 40-54 and 55 and over than in the 
25-39 group. 

Further treatment of the data with more advanced statistical 
techniques bears out the conclusions of the previous discussion 
(Table 6). 

To summarize briefly the many statistical tables which show the 
various inter-correlations between hypertension, obesity and body 
build Table 7 was constructed. It is apparent from a glance that 
body build shows an almost complete triple plus or marked corre- 
lation with blood pressure in all weight groups. On the other hand, 
obesity never shows a triple plus relation to blood pressure and only 
rarely a double plus. Frequently there is no correlation or an actual 
reversal of the expected trend. 


TaBLeE 7.—A. THE RELATIONSHIP OF OBESITY TO HYPERTENSION. 


(The relative strength of expected trend with progression from light to heavyweight 
in specific build groups. This table shows the inconstant effect of obesity on 
blood pressure.) 


slender intermediate intermediate broad 


Men. Women.| Men. Women.) Men. Women.) Men. Women 


% low systolic pressure (under 110 mm 
% high systolic pressure (120 mm. and over 


Mean diastolic pressure 


© low diastolic pressure (under 65 mm 


©% high diastolic pressure (80 and over 


B. THe RELATIONSHIP OF Bopy BuILp To HYPERTENSION 
(The relative strength of expected trend with progression from linear to lateral build 
in specific weight groups. This table shows the marked constant effect of body 
build on blood pressure.) 


Lightweight Mediumweight Heavyweight 


Men Women Men. Women. | Men Women 


Mean systolic pressure 


% low systolic pressure (under 110 mm.) 


% high systolic pressure (120 mm. and over 


Mean diastolic pressure 


% \ow diastolic pressure (under 65mm.) . +++ 


% high diastolic pressure (80 mm. and over) 


+++ Marked correlation, ++ good correlation, + slight correlation, 0 no ccr- 
relation, — slight reverse correlation, marked reverse correlation. 


Linear build Linear Latera Lateral build 
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Discussion. In a previous study we showed that obesity was 
related to hypertension. In a later publication we reported the 
correlation of body build to blood pressure as of even greater impor- 
tance than the obesity-blood pressure correlation. Further study 
showed that obesity was itself related to body build which immedi- 
ately presented the question as to which of the two factors was 
influencing blood pressure and if both, what was the extent of each. 

The fact that obesity and body build are themselves highly inter- 
correlated is of outstanding importance in any attempt to evaluate 
the relative effects of obesity and body build upon hypertension. 
Obesity is an attribute of the lateral or broad build. Conversely, 
underweight is an attribute of the linear or slender build. It should 
be emphasized that the person born into the lateral build type, the 
individual with a broad chest, can be regarded as carrying a genotypic 
affinity for obesity, although this obesity may not become manifest 
until the last half of the life span. According to this concept the 
germ plasm which transmits the build type also transmits the char- 
acteristic weight tendency for that build type. Obesity, therefore, 
depends upon the lateral build, and is bound up with the sthenic 
habitus. Because of this high correlation it was necessary to sepa- 
rate the two factors; the effect of weight upon blood pressure must 
be studied within a homogenous build group and the effect of build 
upon blood pressure must be studied within a homogenous weight 
group. 

Body build is shown to exert a striking effect on blood pressure. 
When the weight factor is carefully held constant it becomes evident 
that no matter what the weight group, be it light, medium, or heavy, 
both mean systolic and mean diastolic pressures significantly in- 
crease as the group broadens out into the lateral or broad build. 
The broad-chested individuals in the lateral build group have a 
higher average blood pressure, a greater incidence of hypertension 
and a lesser incidence of low pressures than do the linear or slender 
build or for that matter any other build in any weight group. This 
emphasizes the strong influence of build upon blood pressure, for 
it is evident that the greatest incidence of hypertension and the 
highest mean pressure is found in the lateral type individual regard- 
less of his weight. Thus, it follows that hypertension is part of the 
broad-chested person’s endowment and although obesity, too, is a 
part of the same pattern it is not the influencing factor in hyper- 
tension. It is of interest to note that blood pressure is not the only 
factor influenced by build. Individuals of the linear or slender 
build are predisposed to such diseases as gastro-duodenal ulcer and 
thyrotoxicosis (with minor exceptions),'’ whereas individuals of 
the lateral build—relatively free from linear type diseases—are pre- 
disposed to cardiovascular disorders and to other degenerative 
processes such as are found in nephritis, diabetes, and cirrhosis of 
the liver. This association does not imply that it is the morphologic 
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factor per se which produces the selectivity of disease. Rather the 
build is the gross morphologic expression of a deep seated genotypic 
change of the neuro-endocrine system and the biochemical reac- 
tions of the entire body. 

Obesity, on the other hand, does not show this consistent rela- 
tionship to hypertension. In some build groups there is no correla- 
tion to blood pressure as the weight is increased; in some build 
groups there is a reversal of the expected trend and in those groups 
where the correlation is present it is much smaller than is shown by 
that of the body build. The obese persons in the linear group have 
a lower systolic and diastolic pressure than the underweight persons 
in the lateral group. Obesity shows the greatest correlation to hyper- 
tension in the linear or slender groups. However, it is a singular 
fact, that obesity shows no correlation to hypertension in the broad- 
chested individual (actually reversing the expected trend in some 
instances). The broad-chested individual is hypertensive in most 
instances regardless of his weight. 

We then recognize the influence of obesity on hypertension in only 
the linear groups; even here the strange fact emerges that its réle is 
more clear in diastolic than in systolic pressure. Why is there a 
better relationship in the more stable diastolic pressure and a lesser 
one in the more sensitive systolic pressure where we usually find 
changes first? We cannot give an adequate explanation for this 
discrepancy. 

From this study it would seem more safe to look upon obesity as 
an additional degenerative process superimposed upon a more basic 
underlying metabolic change—hypertension. Obesity, of itself, 
cannot initiate hypertension nor does it bear any etiologic relation- 
ship, although it may aggravate an existing or latent hypertensive 
state. Since it affects unfavorably the body economy, obesity will 
similarly affect any disease. Reduction of weight has a favorable 
effect upon the whole body metabolism and should therefore improve 
any diseased state. Hypertension is no exception to this rule, nor 
is it the only isolated example. 

Conclusions. 1. The réle of obesity in hypertension is here 
evaluated by separating obesity from the body build factor with 
which it is intimately bound. 

2. Obesity is found to be intimately linked to the lateral or broad 
build type; it occurs infrequently in linear or slender build men and 
women. Of broad-chested men 37% are heavyweight, whereas only 
3% of slender men are heavyweight. 

3. Body build is shown to be close ‘ly correlated with hypertension. 
In any weight group the broad-chested individuals show the highest 
mean systolic and diastolic pressures, the greatest incidence of hy- 
pertension, and the lowest incidence of low blood pressures. 

4. When the build groups are held constant obesity shows an 
uncertain correlation with hypertension. In those instances where 
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a positive correlation to blood pressure is demonstrated, it is 
strikingly less significant than the build correlations in nearly 
every instance. 

5. Obesity shows its greatest correlation to blood pressure in the 
linear or slender build groups. In the lateral or broad groups no 
correlation is noted; sometimes there is a reversal of the expected 
trend. 

6. Therefore, body build is the true genotypic factor which, 
regardless of his weight, determines in a great measure the predis- 
position of any individual to hypertension. 

7. The réle of obesity in hypertension is found to be small. The 
current widely accepted réle of obesity must be revaluated. 
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AN opportunity to study the effects of large doses of insulin on 
individuals with normal carbohydrate metabolism was provided by 
the so-called insulin shock treatment for schizophrenia. In this 
treatment, doses of insulin ranging from 10 to 200 or more units 
are given daily for as long as 2 months to individuals in order to 
produce a state of insulin shock following each injection. The 
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question arises whether such large doses do not affect the carbo- 
hydrate metabolism of the individuals to whom they are given. 
Various workers,!*:*"2= have shown that the administration of 
much smaller amounts of insulin to individuals with normal carbo- 
hydrate metabolism in an effort to stimulate appetite results in a 
decreased carbohydrate tolerance. Looney and Cameron,’ Harris, 
Blalock and Horwitz,® showed the development of decreased toler- 
ance during insulin shock treatment. Freed et al.6 found both a 
decreased and increased tolerance. 

This paper presents further data on this subject. Glucose toler- 
ance tests were performed on 27 patients undergoing insulin shock 
treatment at the Pennsylvania Hospital for Mental Diseases. None 
of the patients had diabetes or any physical abnormalities which 
could be felt to affect carbohydrate metabolism with the exception 
of one with a history of alcoholism whose liver was enlarged. 


Method. The patients were given insulin at 7.30 a.m. each day, Sundays 
excepted; at 10 a.m. to 12.00 noon, depending on the patient’s condition, 
the insulin reaction was terminated by oral or intravenous glucose followed 
by breakfast. Starting with an initial dose of 10 to 20 units, this was in- 
creased daily by 10 to 20 units until ‘‘coma’’ was regularly produced. This 
usually occurred with doses ranging from 100 to 200 units. This dose was 
then given daily for 5 to 10 “comas” at which time most patients had 
reached a state of hypersensitivity to insulin; the dose could be reduced 50 
to 100 units less than the original coma dose with apparently the same 
clinical reaction. The patients were then carried on this reduced dose until 
the desired number of treatments had been given.’ The total dosage during 
the course of treatment ranged from 1040 to 7630 units. Each patient was 
in a state of hypoglycemia for 3 to 5 hours daily, with blood glucose ranging 
between 10 to 40 mg. per 100 ec. as measured by the Folin-Wu method on 
venous blood. 

The insulin reaction was terminated daily by injecting 50 or 100 ce. of 
25% glucose intravenously. Also each patient received orally 2 gm. of 
glucose for each unit of insulin injected. 

Before treatment patients were on a house diet of C 420, P 100, F 130 
(3250 calories). During treatment patients received similar diet augmented 
by extra feedings, and glucose used to terminate treatment reaching a total 
daily intake of 5130 calories. 

Patients almost uniformly gained weight during treatment, the average 
being 10 pounds, while gains of 20 to 34 pounds occurred in the group. 

Weekly tests revealed glycosuria in only two instances in all patients at 
any time, before, during or after the course of treatments. 

The glucose tolerance test used was that in which measurement of glucose 
in venous blood is made with the Folin-Wu method before and at intervals 
of 4, 1, 2 and 3 hours after the injection of 1.75 gm. of glucose per kilo of 
body weight. Treatment was omitted the day of the tolerance test. 


Results. ‘Table 1 presents the data on 7 of the 27 cases studied. 
The entire data of all 27 cases studied, including those presented in 
Table 1, can be summarized as follows: 1. All curves, with the 

ssible exception of curve 2, are within normal limits in that they 

ossible exception of curve 2, are wit! | limit that tl 
return to the base line within 3 hours. 

2. The chief finding of note is the development of high curves 
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during the course of treatment. Maximum rises as high as 230 mg. 
per 100 cc. venous blood are noted. This maximum rise usually 
occurs 4 to 1 hour after injection of glucose. 

3. Of the 7 cases in which a control was obtained (Table 1) all 
show a rise in curves developing during administration of insulin. 
No case failed to show this rise in curves. 


TABLE 1.—Data on 7 Cases. 


Blood sugar, grams %. Total — 
No. of Total 
Case rime of tolerance test treat- | insulin 
treat- 
Fast ment units. ment 
hr l hr. | 2hrs.| 3hrs.| days. Ibs.) 
Control O86 110.115 | .074 | .090 
1 33 days of insulin OUS 152 175 115 55 2985 1 
1 day after insulin R 099 | .120 O71 | .069 
69 days after insulin R | .099 | .150 | .162 | .130 | .087 
Control 075 | .130 | .090 | .100 | .115 
0 days of sulj .102 96 | .188 | .12% 
9 20 days of insulin | 2 196 l 123 108 25 1040 12 
1 day after insulin R O87 155 | .101 | 099) .O77 
60 days after insulin R | .090 | .125 | .070 | .074 | .067 
Control 090 | .130 | .126 | .090 | .061 
22 days of insulin O74 187 | .197 | .205 | .101 
35 days 07 210 | .185 | .140 | .079 — 
3 10 | .185 | 46 | 5175 8 
1 day after insulin R OSS | .179 | .207 | .094 | .055 
15 days after insulin R | .094 | .185 | .164 | .091 | .045 
36 days after insulin R! .075 155 | .178 | .105 | .055 
Control 090 | .127 | .104 | .O85 | .097 
23 days of insulin O93 | .145 | .155 | .116 | .100 
3 days SO 80 | .O85 |. 
$3 day O94 l O85 111 18 4085 20) 
1 day after insulin R O86 | .168 | .153 | .095 | .059 
14 days after insulin R .O84 ISO) .162 .O86 | .074 
70 days after insulin R | .091 142 .105 | .104 | .060 
Control OS5 | .148 | .114 | .101 111 
24 days of insulin O85 | .171 166, .OS6 | .066 
5 44 days of insulin 090 144.101 | .079 19 6985 20 
1 day after insulin R 069.124.147.084 | .091 
14 days after insulin RR .092 160 161 105 | .OSO 
Control OS7 | .116 | .130 | .104 | .077 
6 26 days of insulin 115 | .168 | .117 | .137 | .110 43 1240 
2 days after insulin R | .091 178 | .155 | .082 | .077 
Control .070 | .106 | .055 | .092 | .066 
13 days of insulin 079 116 129 090 61 40 1395 18 
7 29 days of insulin 091 155 .O85 = .103 | .060 


4 days after insulin R 076 | .123 | .140 | .084 | .064 


4. Of the 11 cases in which it was possible to obtain determina- 
tions, all but 2 show a fall in curves in the period following 
cessation of insulin administration. This fall does not begin in the 


2 weeks immediately following cessation of insulin administration 
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(Cases 3, 4, 5), but is apparent thereafter and has dropped to pre- 
insulin levels by 2 to 3 months in the majority of cases. 


BEFORE DURING INSULIN AFTER /NSULIN 


180 TOTAL INSULIN-/040 L 
NO. TREATMENTS-25 
100 he WEIGHT GAIN- /2 LB 
60 CASE 2 
20 DAYS / 60 
220, 
TOTAL INSULIN SI75 
NO TREATMENTS~-48 
3“ WEIGHT 
/00 
60 CASE 3 
220, 
180} TOTAL INSULIN 4085 
on NO TREATMENTS~ 48 
100 WEIGHT GAIN- 2018 
60 CASE 4 
23 43 / 4 70 
CuHarT 1.—Three cases illustrating changes in glucose tolerance accompanying a 
course of insulin. 


No curves definitely characteristic of increased carbohydrate 
tolerance are observed. 

No correlation between the height to which the curves rise 
and the total dosage of insulin or weight gain during treatment is 


BEFORE 


/60 
~ 
/20 
100) 


4 DAYS 25-35DAYS 40-63 DAYS 
7 CURVES CURVES 5 CURVES CURVES 


AFTER INSULIN 


160 
40 

S120 
£100 
80 


8-ISDAYS 25-36 DAYS 56-70 DAYS 96-39SDAYS 
5 CURVES 4CURVES 4 CURVES /8 CURVES 


CHART 2.—A composite chart of all glucose tolerance curves taken in this study 
before, during and after insulin. 


apparent. Similarly the degree of sensitivity to insulin developed, 
the number of comas attained seem to bear no relationship. 
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Chart 1 presents 3 cases (Cases 2, 3, 4) illustrating the rise in the 
curves during insulin treatment and the gradual fall during the 
period following treatment. 

Chart 2 is a compendium of all the curves taken in the study. 

Discussion. ‘Ihe finding of high curves indicating decreased glu- 
cose tolerance following large daily doses of insulin is in agreement 
with the findings of Looney and Cameron? and Harris, Blalock and 
Horwitz. Because of the many factors which influence a glucose 
tolerance test it is not possible, in the absence of direct experimental 
evidence, to throw any light on the underlying mechanism behind 
our results. One possible explanation is that the normal secretion 
of insulin by the pancreas is inhibited by the large amounts of insulin 
administered to these patients so that the secretion of insulin by the 
body is temporarily reduced, thereby giving a high glucose tolerance 
curve. After the cessation of insulin administration the pancreas 
resumes its normal insulin secretion and the glucose tolerance curve 
falls to normal levels. It is recognized this explanation is hypotheti- 
cal; however, in support of it, is the fact? that fasting and low carbo- 
hydrate diets produce a rise in the glucose tolerance curve. Con- 
versely high carbohydrate diets result in an augmentation of the 
utilization of glucose which suggests that the ability of the pancreas 
to secrete insulin varies with the demand made upon it. McJunkin 
and Roberts* have shown that injections of insulin inhibit mitotic 
activity of the pancreatic islet cells in young rats. 

Cori and Corit have shown that insulin increases the rate of 
absorption of glucose from the intestinal tract of rats. This offers 
another explanation of our findings in that an increased rate of 
absorption of glucose from the intestinal tract theoretically may 
cause an elevated tolerance curve. 

Summary. Insulin given over periods as long as 2 months in 
daily doses large enough to produce coma in patients with normal 
carbohydrate metabolism results in elevation of glucose tolerance 
curve. This disappears 2 to 3 months after cessation of insulin 
administration. 
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PREVIOUSLY to the introduction of insulin it was generally main- 
tained that the treatment of diabetes should be inaugurated by a 
régime of undernutrition with low carbohydrate intake. Today 
this plan is still utilized in certain cases. When the urine becomes 
sugar-free the carbohydrate is slowly increased by from 10 to 25 gm. 
every 3 to 10 days or even daily. The effect of the diet is judged 
according to the presence or absence of urinary sugar, and if sugar 
reappears in the urine, showing lack of carbohydrate utilization, 
the carbohydrate is either further reduced or the administration of 
insulin is begun. Adjustments of diet and insulin are subsequently 
made in order to maintain the carbohydrate intake at about 100 gm. 
daily. Other writers approve of a much higher ration of carbohy- 
drate with proportionate increase in insulin dosage, the aim being 
to control the glycosuria by larger doses of insulin instead of by a 
reduction in dietary carbohydrate. 

The substitution of prozinsulin for regular insulin has required 
certain modifications. Patients on prozinsulin who have become 
sugar-free are more apt to have insulin reactions, and to avoid 
this it has become usual to prescribe excess carbohydrate to act 
as a buffer against these reactions, but which in turn is apt to cause 
a varying degree of glycosuria. Some authors state that with proz- 
insulin considerable glycosuria should be permitted, in fact they 
consider its presence desirable as a protection against reactions, 
though there is some difference of opinion as to the degree of glyco- 
suria permissible. 

We have briefly reviewed the more recent practice in the treatment 
of diabetes in order to emphasize the fact that when an adequate 
amount of carbohydrate is prescribed, in all except very mild cases, 
either larger doses of regular insulin are needed, or, with prozinsulin 
hyperglycemia and glycosuria are usually present at intervals. 

The insulin-shock treatment of psychopathic cases has demon- 
strated that repeated large doses of insulin may have deleterious 
effects upon the central nervous system, and, on the other hand, 
the marked hyperglycemia and glycosuria in cases treated with proz- 
insulin (because of the required excess of carbohydrate in the diet), 
may be harmful in the long run. The ultimate effect upon the 
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diabetes of prozinsulin treatment with its attendant hyperglycemia 
and glycosuria cannot as yet be definitely stated. 

For these reasons it seemed desirable to examine into the pos- 
sibility that diabetics might be enabled to metabolize an amount 
of carbohydrate in excess of that allotted according to the usual 
criteria. 

In glucose tolerance tests the blood sugar curve is usually reported, 
but often there is no report as to the amount of sugar excreted 
during the test-period and no discussion could be found in the 
literature as to the late effect, for two or more succeeding days, 
upon the carbohydrate balance. 

The purpose of this investigation was to determine whether 
certain diabetics could metabolize added carbohydrate without 
increasing their insulin dosage, if the carbohydrate were given ac- 
cording to a certain schedule. 


Method. We have studied 9 diabetics. The first 2 (Table 1) were under 
daily observation for several weeks. The remaining 7 had the test applied 
only once and will be discussed as a separate group. The first 2, males, had 
a moderately severe diabetes and had required during weeks or months 
preceding the test fairly constant amounts of insulin upon a diet up to the 
limit of their carbohydrate tolerance. 

During the day prior to the test they received their usual diet and on the 
test day, fasting in the morning, 100 gm. of carbohydrate (glucose or pota- 
toes) were given; 3 to 4 hours later their usual breakfast was taken com- 
bined with lunch, and then their usual régime was resumed. Insulin 
was omitted the day prior to the test if the patient’s usual injection-time 
had been in the evening, and in some experiments the patient remained 
without insulin for 48 hours preceding the test. On the test day the usual 
insulin dosage was given at either lunch or supper time, and in certain 
instances, as will appear in the tables, insulin was omitted on the day of the 
test. 

The urine sugar was quantitated : 1, For the 24-hour period previous to 
the glucose test; 2, in the urine fractions obtained during the 3 or 4-hour 
period of the performance of the test; 3, in the urine collected from the end 
of the test until next morning and subsequently; 4, in the 24-hour periods 
during the 2 following days. 


Estimations of the blood sugar were made to serve as controls. 

The results in these 2 cases as well as in the remaining 7 appear 
to us to indicate a hitherto unrecognized aid in therapy. Table 1 
shows that certain diabetics for whose treatment administration 
of insulin had previously been shown to be obligatory, are able to 
metabolize almost completely 100 gm. of glucose given fasting in 
the morning. 

Patient K. T. excreted only 7 gm. of sugar on the day of the test, 
July 13th, as compared to 22 gm. on the preceding day. On July 
24th the test was repeated, again with 100 gm. of glucose i in 200 ee. 
of water, and only 13.5 gm. were excreted in the 24-hour urine for 
that day, although no insulin was taken. During the intervening 
period he had been on his usual régime as to diet and insulin. A 
similar result was obtained on August 7th despite the fact that 
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insulin had been omitted on the preceding day and his carbohydrate 
intake on the day of the test had been increased to 360 gm. In 
patient M. S. similar results were obtained on July 25th, although 
the additional 100 gm. of glucose were given 36 hours after his last 
dose of insulin. 


TABLE 1.—INFLUENCE OF ONE ADDITIONAL Dose or GLucose, 100 or 50 Gm., 
Upon THE CARBOHYDRATE BALANCE. 
Urir 
Blood 
sugar, Sugar Diet, Insulin, COH 
Date, mg. per Vol., gm P.Z metab 
1939 Time. 100 ce ce Gm Gm. 24 hrs COH units olized 
Mr. K. T., aged 61, duration of diabetes 3 yrs 0 n given in the morning before breakfast daily 
July 
12-13 SA.M.-8 A.M. 2500 0.9 22 2.5 137.5 
13 10.25 a.m. 
fasting) 83 135 0.0 0.0 
10.30 a.m. Given 100 gm. glucose in 250 water 
11 a.m 250 26 0.0 0 100 
11.30 a.m. 272 36 
12.30 278 105 3.3 3.4 
1.30 p.m 66 66 2.3 1.5 0 PZI and breakfast with lunch) 
13-14 1.30 P.M.-8 A.M. 2000) 0.1 2.0 7.0 160 ; 253.0 
14-15 1200 0.1 1.2 1.2 1h) 159.0 
15-16 No spe aved 160 0) 
16-17 1000 04 0 0.0 160 ) 160.0 
17 10.10 a.m. 
fasting 66 86 ) 
10.15 a.m. Given 50 gm. glucose in 25 water 50) 
10.45 a.m. 180 33 0.4 0.0 
11.15 a.m. 205 25 1.6 ‘ 
12.15 P.M. 173 135 0.1 1 
1.15 Pm 150 S2 0.0 rv ) PZI and breakfast with lunch 
17-18 1.30 P.m.-S A.M 1420 0.0 0.5 160 209.5 
18-19 2000 0.0 ) 0.0 160 0 160.0 
19-20 1350 0.0 0 0.0 160 30 160.0 
23-24 2500 0.6 0.0 160 160.0 
24 7.30 a.m. (fasting). The patient was given 100 gm. g in 25 water. At 12.15 p.m 
combined breakfast and lunch. Supper as usual 
24-25 2250 0.6 13.5 i) 0 246.5 
25-26 2000 0.6 12.0 160 3) 148.0 
26-27 2500 0.0 ( 160 U 160.0 
Aug. 6 ow 0 260.0 
6-7 1100 0.0 00 
7 7.30 a.M. (fasting). 100 gm. glucose (48 hrs. after insulin At 12.15 p.m. insulin and breakfast 
with lunch. Supper as usual 
i-8 960 2 11.5 tH) 30 348.5 
8-9 2000 0.0 0.0 260 30 260.0 
9-10 1680 0.0 0 260 30 260 .0 
Mr. M.S., aged 59, duration of diabetes 16 yrs.; 20 units given at 6 p.m. daily. Last injection before test, 
July 23. 
July 
24-25 8 a.M-S8 A.M. 2000 0.0 ) ) 145 0 145.0 
25 10.10 a.m. 
(fasting) 112 
10.15 a.m. 100 gm. glucose in 250 cc. water 100 
10.45 a.m. 188 57 0.0 0 
11.15 a.m. 234 36 0.1 
12.15 P.m 316 42 1.7 0.7 
1.15 Pm 345 87 2.5 3.3 Breakfast with lunch 
25-26 1.15 P.m.-8 A.M, 1500 0.2 2.5 5.4 145 20 239.5 
26-27 2000 0.1 1.0 1.0 145 20 144.0 
27-28 2000 0.0 0.0 0.0 145 2” 145.0 


The glucose tolerance test performed in patient K. T. on July 17th 
shows that when 50 gm. instead of 100 gm. of glucose were given in 
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the same amount of water the percentage of glucose retained was 
practically the same, hence the amount retained is not dependent 
upon the concentration of the sugar taken, under the conditions of 
the test. 

Moreover, this carbohydrate retention was effected despite the 
fact that both patients had shown typically diabetic blood sugar 
curves. 

Having observed their reaction to pure glucose, we then repeated 
the tests with 100 gm. of carbohydrate in the form of 500 gm. of 
potatoes, and as shown in Table 2 the results were quite similar 
as when glucose as such was given. 

ADDITIONAL Dose or 500 Gm. PoTrators UPON THE 


TABLE 2.—INFLUENCE OF ONE 


CARBOHYDRATE BALANCE. 
Urine 
Blood 
sugar, Sugar Diet, Insulin, COH 
Date mg. per Vol gm P.Z metab- 
1939 Time. 100 ce, Gm Gm. 24 hrs. COH units olized 
Mr. K. 
July 
19-20 Sa.M.-S A.M 1350 00 0.0 0.0 30 160.0 
20 9.30 am 
(fasting) 77.3 63 0.0 0.0 
9.45 a.m. to 
9.50 a.m. Ingestion of 500 gm. potatoes and 250 cc. water 100 
10.20 a.m 295.4 31 0.0 0.0 
10.50 a.m. 280 2 30 1.6 0.5 
11.50 a.m. 204.0 68 1.5 1.0 At 2 p.m. 30 PZI and 
12.50 Pm 138.8 55 0.53 0.3 breakfast with lunch 
7 47 0.0 0.0 
20-21 15) aM 3000 0.1 3.0 160 30) 255.0 
21-22 2500) 0 44 11.0 160 3) 149.0 
22-23 2000) 0.0 0.0 0.0 16 160.0 
13-24 500) 00 0.0 0.0 160 160.0 
Mr. M.58.* 
July 28 Diet as usual, no insulin 
8-29 1500 0.1 
29 7.30 a.m. The patient was given 500 gm. potatoes with 250 cc. water, 100 
SAM 32 0.1 
8.30 A.M 45 0.4 0.2 
9.30 am 46 1.7 0.8 Breakfast at A.M., 
10.30 a.m eu 1.2 0.7 lunch at 1 P.M., supper 
11.30 a.m 83 0.1 0.1 at 6 p.m. Insulin in the 
1 P.M. 51 0.3 0.2 evening 
6 PM. 330 0.2 0.6 
9 P.M. 197 0.2 0.4 
29-30 9 p.m.-7.30 am 1000 0.0 0.0 3.0 145 20 242.0 
30-31 0.0 0.0 0.0 145 145.0 
31 
Aug. 1 1400 0.3 4.2 145 0 141.0 
l 7.30 a.m. 500 gm. potatoes with 250 cc. water. Diet and insulin as on July 29 
1-2 1920 0.56 10.8 245 20 239.0 
2 No insulin. Diet as usual 
2-3 1440 0.4 5.8 145 0 139.0 


* Same patient as in 


Table 1, 


These patients were under daily observation for periods of 28 and 


15 days respectively. In addition to their ability to retain the 
extra sugar on each test day, their carbohydrate tolerance had been 
considerably raised by the end of the period, apparently under 
the influence of the additional carbohydrate in their daily diets 
(Table 3). 
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TABLE 3.—INFLUENCE OF Datty AppiTion or 500 Gm. Potatoes UPON THE 
GENERAL CARBOHYDRATE TOLERANCE. 


Urine 
Sugar Diet, Insulin COH 
Vol gm P.Z metal 

Date, 1939. Time. ce % Gm COH. units olized 

Mr. K. T.* 

July 26-27 24-hr. period 2500 0.0 0.0 160 30 160 
27-28 24-hr. period 2000 0.0 0.0 2604 30 260 
28-29 24-hr. period 2000 0.2 10 2604 30 256 
29-30 24-hr. period 2250 0.4 9 0 2604 30 251 
30-31 24-hr. period 2500 0.0 0.0 2604 30 260 

Aug. 1 0 
1-2 24-hi period 2400 0.2 tS 2607 0 255 

Mr. M. S.* 

Aug. 2 Diet as usual, no insulin 
2-3 24-hr. period 1440 0.4 5.8 145 0 139 
3-4 24-hr. period 1440 0.7 10.0 2457 20 235 
1-5 24-hr period 1920 0.3 5.8 2457 20 239 
5-6 24-hr. period 1440 0.7 10.0 2457 2) 235 
6-7 24-hr. period 1920 0.4 me 2451 20 237 
7-8 24-hr. period 2200 0.1 2.0 2457 20 243 


* Same patient as in Table 1 
t 250 gm. potatoes added both to lunch and supper. 


During the 24 hours preceding the beginning of the tests on k. T. 
he excreted 22.5 gm. of dextrose in the urine, whereas after having 
been given the extra glucose in the morning of the first test his 
glucosuria diminished and was 0 on the third day, without modifi- 
eation of diet or of insulin dosage. During the subsequent 10 days 
the test with extra glucose was repeated 3 times and it was then 
found that he could be maintained without glucosuria on 260 gm. 
carbohydrate as against his former allowance of 160 gm. insulin 
remaining the same. 

Towards the end of the observation period patient Kk. T. volun- 
teered the information that he no longer had the feeling of constant 
fatigue of which he had complained for several vears. 

The other patient, 5S. M. (Table 2), reacted equally well to the 
ingestion of additional 100 gm. carbohydrate in the form of potatoes, 
and his carbohydrate tolerance was favorably influenced as well 
(Table 3). 

It should be recalled, as previously stated that for at least several 
weeks preceding our observation periods both these men were at 
the limit of their carbohydrate tolerance, if not actually in negative 
carbohydrate balance. 

Similar results were obtained with 7 other diabetics (Table 4). 
Three of these patients had a 2 to 3 plus reaction in the urine for 
acetone. For from 2 to 4 weeks preceding the test all 7 had been 
taking a standard diet containing either 100 or 150 gm. of carbo- 
hydrate. Four patients had not as yet received insulin, the other 
3 had been taking either 20 or 35 units of regular insulin daily. 
Their ages ranged from 23 to 55 years. Glycosuria was present 
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in all and the amount of dextrose they excreted in 24 hours amounted 
to from 8 to 46 gm. 


TaBLeE 4.—INFLUENCE OF ONE ApDITIONAL Dose or 50 Gm. GiucoseE UPON THE 
CARBOHYDRATE BALANCE IN 7 PATIENTS. 


Case No.: 1 2. 3.4 4. 6.7% 7° 
24 hrs. urine before the test 10 16.0 14.0 8.0 21 29.0 46.0 
First day. First 4 hrs. after glucose 2 1.8 2.5 2.5 4 3.0 65.6 
First day. Remaining 20 hrs 0 2.0 0.0 1.0 1 ey Y 1.0 
Second day 0 0.5 0.0 8.0 1 1.0 5.0 
Third day 0 00 0.0 00 0 0.0 0.0 
Total 3 day excretion after glucose 2 1.3 2.0 81.8 6 5.7 14.6 


* 20 units regular insulin daily. 
+t 35 units regular insulin daily 
t 2 to 3 plus reaction for acetone. 


The glucose tolerance test was performed by giving 50 gm. of 
glucose in 200 cc. of water in the morning, fasting. Four hours 
later the usual diet and insulin, if it had been given, were resumed. 
In 2 patients (Cases | and 3), the urine during the first 4 hours 
following the glucose contained about 2 gm. of sugar, but remained 
practically sugar-free during the remainder of the test day as well 
as on the 2 following days. The 5 other cases excreted up to almost 
10 gm. on the test day and 2 of them (Cases 4 and 7), 5 and 8 gm. 
respectively, on the second day. Hence it is obvious that they 
retained from 71° to 96°, of the 50 gm. of added glucose, a sur- 
prisingly high retention when it is remembered that in no case was 
the urine sugar-free previous to the test. 

Repeated carbohydrate tolerance tests employing glucose or 
potatoes showed that certain diabetics who seemed to be at the 
limit of their carbohydrate tolerance, can tolerate and to their 
advantage a considerable additional amount of carbohydrate 
without added insulin. 


TaBLe 5.—INFLUENCE oF AppbITIONAL 50 GM. or GLucose Upon THE URINARY 
SuGAR IN LABILE SEVERE DIABETES. 


Miss A. B., aged 32, duration of diabetes 18 yrs. 
Aug. 11, 1939, sugar-free on 70 units and 190 gm. carbohydrate. 
Aug. 12 no insulin. 


Urine. 

Sugar. 
lime. Ce. %. Gm 
7.15 A.M. . 660 0.0 0.0 
7.40 a.m. 50 gm. glucose in 300 cc. water 
8.15 A.M. ‘ 180 2.0 3.6 
9.00 A.M. 6.0 10.8 

10.00 A.M. ‘ ‘ ‘ 90 7.0 6.3 

1120 84.9 


12.35 p.m. Blood sugar 515 mg. per 100 ce 
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A relatively small group within the total diabetic population is 
represented by those cases, usually severe, which have the juvenile, 
highly reactive form of the disease. In them the glucose tolerance 
test results in the rapid excretion of all the test glucose and often 
of additional glucose of endogenous origin as well. A case in point 
is that of Miss A. B., and her reaction to the test is shown in Table 
5. Such cases will obviously be unable to utilize additional carbo- 
hydrate unless their insulin dosage is proportionately increased. 

Conclusions. 1. We recognize the great value of the glucose 
tolerance test as usually performed. However, the examination 
of the urine during the 3 days following the test appears to be even 
more useful in determining the actual carbohydrate tolerance. In 
the cases reported the usual tests would have indicated either more 
insulin or less carbohydrate, though further examinations as de- 
scribed showed that neither step was indicated. 

2. Two of our cases examined over several weeks showed sub- 
jective and objective clinical improvement. Thus it would seem 
that our procedure could be employed to advantage where more 
carbohydrate is desirable but more insulin is contraindicated. 
A simple glucose tolerance test without blood sugar estimations but 
with recordings of the 24-hour urinary glucose over a period of 
several days before and after the test will indicate whether a given 
case can utilize additional carbohydrate. 

We believe that many diabetics would benefit from the procedure 
herein described. 


THE INCIDENCE OF NEUROPATHY IN PELLAGRA. 
THE EFFECT OF COCARBOXYLASE UPON ITS NEUROLOGIC SIGNS.* 
By F. H. Lewy, M.D., 


PROFESSOR OF NEUROPHYSIOLOGY, PHILADELPHIA, PA., 


T. D. Spires, M.D., 


ASSOCIATE PROFESSOR OF MEDICINE, CINCINNATI, OHIO, 
AND 


Artne, M.D., 


ASSISTANT PROFESSOR OF NEUROLOGY, CINCINNATI, OHIO. 

(From the Department of Neurosurgery of the Hospital of the University of Penn- 
sylvania, the Nutrition Clinic of the Hillman Hospital of Birmingham, 
Alabama, and the University of Cincinnati College of Medicine.) 

THE trend in modern medicine toward explaining a disease syn- 
drome on the basis of a single causative agent has led some to 
think that all symptoms of pellagrins arise from a deficiency of a 
single chemical substance, namely nicotinic acid amide. Recent 
progress in nutritional research indicates that a deprivation of 
nicotinic acid is not responsible for all the symptoms in human 
beings with pellagra. Spies and his coworkers,*" Jolliffe,> Ruffin 

* This study was aided by grants from The Rockefeller Foundation, the Eli Lilly 
Company, and Anheuser-Busch, Inc. 
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and Smith,’ Sebrell® et al. have shown, however, that pellagrins have 
associated deficiency of a number of nutritional elements. While 
treating pellagrins with nicotinic acid they observed that the ali- 
mentary tract symptoms, skin lesions, and many of the “neur- 
asthenic”’ complaints were relieved, whereas there was no improve- 
ment in the pain of the calves, numbness of the extremities, weak- 
ness, difficulty in walking, dizziness, lassitude, fatigue, increase of 
sensitivity to light and noise, loss of memory, sleeplessness and 
general irritability. The administration of thiamin was followed 
by relief of many of these neuropathic signs and symptoms. Never- 
theless, many patients who improved following treatment with 
nicotinic acid and thiamin, developed lesions characteristic of 
riboflavin deficiency. These lesions disappeared following the 
administration of adequate amounts of riboflavin. 

In order to have some idea of the incidence of neuropathy among 
pellagrins, a group of patients in the Nutrition Clinic of the Hillman 
Hospital were examined carefully by special methods. This group 
of 50 white pellagrins consisted of 30 women and 16 men between 
the ages of 18 and 66 years, and 4 children between the ages of 
8S and 13 years. The mean age of the adults was 41.1+ 12.6 years.* 
Although they had been treated with nicotinic acid and riboflavin 
with considerable success, they had continued to eat a grossly 
inadequate diet and were chronically malnourished. 

The 50 patients were grouped arbitrarily according to the severity 
of their pellagra: Group I (mild), 16 patients; Group II (moder- 
ately severe), 23 patients; Group III (severe), 10 patients. The 
remaining patient was so severely ill that he was not included in any 
of the above groups. Thus, more than three-quarters of all the 
patients were regarded as mild or moderately severe cases. The 
preponderance of such cases is explained by the fact that only 
ambulatory patients, many of whom lived distances up to one 
hundred miles from the clinic, were examined. 

Neurologic Signs and Symptoms. The incidence and type of 
pathologic findings encountered in the neurologic examinations 
are shown in Chart 1. Signs pointing to disease of the peripheral 
nerves were prevalent, although the cranial nerves and central 
nervous system were involved occasionally. 

In Groups I and II, practically three-quarters of the patients had 
tenderness of nerve trunks and abnormal electrical irritability of the 
motor nerves. About one-third showed a decrease of pain sensi- 
tivity and of pupillary reflexes, as well as ataxia. Less than one-fifth 
had decreased corneal reflexes, diminished muscle power, some dim- 
inution of touch sensation, pyramidal signs, nystagmus, deviation 
of the tongue, extrapyramidal signs or Romberg’s signs, in descend- 
ing order of frequency. 

* The first figure of the symbol expressed in this manner indicates in this paper 
always the mean, the second figure the standard deviation from the mean. 
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The 10 severe cases in Group III and the 1 very severe case 
ach showed abnormal electrical irritability of the motor nerves. 
Three-quarters of these patients had tenderness of nerve trunks 
and decreased pain sensation. Approximately two-thirds had ataxia, 
while absent or decreased tendon reflexes were found in about two- 
fifths of the cases. About one-third had tremor, decrease in motor 
power, deviation of the tongue, and decreased corneal reflexes. 
Approximately one-quarter showed a positive Romberg test and 
one-fifth pyramidal signs. 


Romberg sign 

Tremor 

Pyramidal signs 

Deviation of tongue 
Nystagmus 

Extrapyramidal signs 

Loss of power in arms or legs 
Decrease of corneal reflexes 
Ataxia 

Decrease of tendon reflexes 
Decrease of pupillary reflexes 
Decrease of touch sensation 
Decrease of pain sensation 
Abnormal electric irritability 


Tenderness of nerve trunks 


0) 25 50 75 100 


CuHartT 1.—Frequency histiogram of nervous disturbances expressed in percentages 
of examination of 50 pellagrins. 


Decreased pupillary and corneal reflexes, and absent or decreased 
tendon reflexes, as well as tenderness of nerve trunks, were found 
with about the same frequency in the group of the mild cases as in 
the severe cases. Partial loss of motor power, decrease of pain 
sensation, or evidence of pyramidal dysfunction were signs that 
were twice as common in the severe group. Nystagmus, decrease 
of touch sensation and extrapyramidal signs were found three 
times as often in the severe group. Ataxia was four times, tremor 
seven times, and Romberg’s sign ten times more frequent in the 
group of severe cases, than in the less severe groups. 

In 2 persons who complained of black spots before the eyes, para- 
central scotomas could be demonstrated in the visual fields between 
5° and 10°. 

In the majority of the patients the pupils were wide, being between 
6 and 8 mm. in diameter. Mild differences in the size of the two 
pupils and irregularities of outline were not uncommon findings. 
The light reflexes were definitely impaired. Measurements of this 
reaction were made with the Hess-Zeiss pupilloscope.!. The mean 
difference of intensity of light required to elicit pupillary contrac- 
tions in these patients was 9.4 + 4.1%, whereas it was 4.4 + 0.8 in 


% 
8 
12 
2 
20 
53 
71 
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a control group. The amount of increase in light intensity necessary 
before the recognition of the change was visually noted was 8.1% 
the pellagra group, in contrast to 5% in the control group. 

The corneal reflex was elicited in the group of pellagrins by a 
graded jet of air of 0.77 + 0.41 mg./mm®*., compared with 0.42 + 
0.19 normally required. The subjective sensitivity of the cornes 
examined by graded hairs, was found to be 2.15 + 0.48 gm./mm?. 
in the average of 20 pellagrins, in contrast to 1.2 + 0.2 found in a 
large number of controis of middle age. 

A highly significant association* was found between the decrease of 
the pupillary reflex and abnormal electrical irritability of the periph- 
eral nerves, and also between the decrease of corneal sensitivity 
and the decrease of pain sensitivity in the extremities. The former 
observation suggests that the disturbance of the pupillary reflex 
may be due to involvement of the motor side of the arc, the oculo- 
motor nerve. The statistical relationship between the reduction 
of the corneal reflex and the decrease in the appreciation of pain in 
the extremities is interesting because of the fact that the sensory 
nerve endings in the cornea are essentially of the pain type. 

In these pellagrins involvement of the peripheral nerves of the 
extremities was the commonest neurologic affection. The sensory 
and motor branches were diseased to approximately the same degree. 
The nerve trunks most frequently tender to pressure were the radial, 
ulnar, occipital, supraorbital and infraorbital nerves. In about 
one-half of the 50 pellagrins the muscles, especially those of the 
calves, were tender to deep pressure, and most of the patients 
complained spontaneously of soreness or pain in these muscles. 

Hypalgesia and hypesthesia were usually of the glove and stocking 
type. A mean pressure of about 16 gm. (less than 1 gm. is required 
in the normal individual) had to be applied to a pin to elicit a 
“sharp” sensation in these pellagrins. In some of the patients a 
pressure of 40 gm. was not appreciated as sharp. Sometimes the 
hypalgesia was more marked in the skin distribution of one nerve, 
particularly the peroneal nerve. The mean pressure necessary to 
elicit a “touch” sensation in those showing diminution of this 
modality was 11 gm./mm.? (normally 1 gm.). Despite this finding, 
numbness in the legs and arms was a complaint in only a small 
number of patients. The appreciation of vibration was diminished 
in some instances, the appreciation of passive changes of position 
of the fingers and toes was always normal. 

* The probability that a significant relationship exists between the occurrence of 
the two signs or symptoms in the whole group examined is estimated statistically by 
the chi square test. If the probability that the result is produced by chance is 5% 
or less, the result is taken to be ‘‘significant’’; if 1% or less, to be “‘highly significant.” 

The question whether the change in the pupillary reflexes observed in some of the 
patients after cocarboxylase treatment (see later) represents a significant improve- 
ment or is due to chance was examined by the ‘‘t-test."’ This test expresses the 


quotient of the difference between the mean of the pupillary reflexes of various patients 
before and after treatment, divided by its standard error.? 
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Ataxia and “past-pointing”’ in the finger-to-nose and the heel-to- 
knee tests appeared to be significantly associated with involvement 
of the motor nerves and not with loss of sensitivity. A positive 
Romberg sign could not be associated statistically with a disturbance 
in the peripheral nerves, but appeared to be of central origin. The 
same was true of tremor of head and arms at rest. 

The strength-duration curves of three muscle groups were ex- 
amined in all patients, namely, the common finger extensor, the 
superficial finger flexor, and the long peroneal muscle. At least 
one of these muscles gave pathologic reactions in 71% of these 
patients. The peroneal muscle group was most frequently involved 
(81%), with the finger flexor next (68.5%), and the finger extensors 
last (30.4%). The majority of the patients showed a mild degree 
of underexcitability, a small number showed severe underexcitability, 
with spontaneous fasciculation and reversal of the polar formula; 
a few patients showed overexcitability. The figures for the peroneal 
group in terms of chronaxy were 105 + 29.5 volts, 1.09 = 0.49 msec., 
against a normal mean of 105 + 7.5 volts, 0.3 + 0.05 msec.; in terms 
of microcoulombs 90 + 10.2 against a normal mean of 20.1 + 0.6.* 

There have been criticisms of the theory of chronaximetric mea- 
surement which need not be considered here. The important point 
for work of this kind is whether or not there is a relationship between 
electrical irritability of the nerve-muscle apparatus and degree of 
neuropathy as determined by neurologic examination, and whether 
or not the strength-duration curve returns to its normal slope as 
therapy restores the nerve function.® 

Five out of 50 persons showed a mild Parkinsonism. None of 
these patients had a history of encephalitis. Bean and Spies have 
given intravenously 50 mg. synthetic vitamin By, to 10 more cases of 
Parkinsonism of at least 4 years’ duration. In a few minutes the 
symptoms disappeared in 2 cases and greatly decreased in 3 others. 
No improvement occurred in 5. 

The Effect of Cocarboxylase on the Neurologic Signs of Pellagrins. 
The possibility of neurologic, psychiatric and biochemical studies 
provided a propitious opportunity for conducting a therapeutic 
test on a limited number of pellagrins. The results of the neuro- 
logic studies are recorded here and correlated with the chemical 
findings, but the detail accounts of the psychiatric and chemical 
results will be reported separately.*+ 

Nine pellagrins who, in previous months, had been treated with 
nicotinic acid continued to have symptoms related to the peripheral 
nerves. Some of these patients showed, in addition, signs of central 
nervous system involvement. These selected patients were exam- 
ined neurologically, psychiatrically and chemically several times 

* Microcoulomb is the product of the voltage times microfarads or time in milli- 
seconds. For technical reasons the actual figures are given as the square root of 


microcoulombs (,/uC). The normal values for the various muscle groups are given 
in the heading of Table 1. 


LEWY, SPIES, ARING: NEUROPATHY IN PELLAGRA 845 


before and after the intravenous injection of 50 mg. and more of 
synthetic cocarboxylase (the phosphorulated ester of thiamin).* 
Seven of these 9 persons showed a dramatic improvement following 
the cocarboxylase injection. 

OpseRVATIONS. The motor pupillary reflex showed a significant 
improvement after the injection of cocarboxylase in 3 of 9 persons. 
The light difference could be reduced, e. g., from 9.2% before, to 
1.4% after treatment. In 4 persons the reflex was normal, and in 
| it was decreased before, and did not recover after cocarboxylase. 
The visual light intensity discrimination which was decreased in 
3 persons returned to normal, that is from 6.3% to 2.9%, in 2 persons 
following treatment. 

The corneal reflex which had been decreased in 3 patients improved 
by about 64% (from 1.21 to 0.54 mg./mm.?—normally 0.42) in 1. 
In 2 persons the corneal reflex remained unchanged following treat- 
ment. The subjective sensitivity of the cornea did not change to 
a significant degree. 

A paracentral scotoma present in | patient disappeared within 
6 hours after a single treatment but returned 12 hours later. 

Nystagmus present in 4 persons disappeared in 1. The strength 
of the grip increased in 2 persons. The tendon refleres improved 
moderately in | of the 3 persons who had decreased tendon reflexes. 
Ataxia improved or disappeared in 3 of 4 cases so affected. Tender- 
ness of the nerve trunks improved in 4 of the 6 cases in which tender- 
ness was present. ‘Touch and pain sensitivity improved in 5 of the 
6 cases thus affected, in some instances becoming normal. 

The electrical excitability changed from underexcitability or over- 
irritability to normal in one or more of the muscles tested in all 
but 1 patient. In several instances it progressed from under- 
excitability to overirritability, and then relapsed to its previous 
state of underexcitability after some days. 

Table 1 may serve as an example of these observations. 

In this person a single intravenous injection of 50 mg. of cocarbox- 
ylase was followed within 1 hour by return to normal of the electrical 
muscle reaction. The improvement went on to overexcitability in the 
flexor for 4 days. At the same time clinical neurologic symptoms and 
signs as well as psychoneurotic complaints and blood chemistry 
bisulphite binding substances (BBS), including pyruvates,™ and the 
arterio-venous oxygen difference—improved or returned to normal. 

On the fifth day after the injection, the peroneal muscles relapsed 
and became underexcitable, and subjective and objective signs 
of neuropathy again became manifest. 

The striking feature in this group of patients was the rapidity 
with which improvement followed the administration of cocarbox- 
vlase at intervals of from 1 to 4 hours, the parallelism between the 


* Furnished through the courtesy of Merck & Co., Rahway, N. J. 
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clinical and chemical findings, and the relapse a number of days 
after the injection. 

Studies with Riboflavin and Vitamin By. The intravenous injec- 
tion of 100 mg. of riboflavin in 2 persons with neurologic signs and 
symptoms similar to those of the patient described above, effected 
no demonstrable change in the neurologic picture. 

The intravenous injection of 100 mg. of vitamin Bg in 4 pellagrins 
not treated previously with thiamin or riboflavin was followed in 
2 by an increase in severity of the pathologic signs of peripheral 
and central nervous system for the duration of 2 days. The electrical 
excitability showed a tendency to become increasingly abnormal. 
The oxygen consumption of the brain measured by arterio-venous 
oxygen difference decreased after the administration of vitamin Bg. 
Some patients became sleepy and drowsy. 

Discussion. ‘The discrepancy between the well-known exper- 
iment in which the paralyzed, vitamin B,-deficient pigeon recovers 
almost immediately after an injection of thiamin, and the expe- 
rience that thiamin deficiency is followed by the degenerative process 
of neuropathy (neuritis) has been the subject of some discussion 
in the literature. Our study demonstrates that the underexcitable 
nerve-muscle apparatus may be restored to normal excitability 
within from | to 4 hours after a single injection of 50 mg. cocarbox- 
vlase. This finding indicates that a great number of nerve fibers were 
anatomically intact, but unable to act properly, as the result of 
altered metabolism. This deduction is corroborated by the observa- 
tion that the nerve-muscle mechanism readily returns to its improp- 
erly functioning state a few days after the improvement induced by 
cocarboxylase has occurred if the person remains on a diet deficient 
in B,. Some of the muscles in the patients remained underexcitable 
which probably indicates that too many of their nerve fibers were 
anatomically damaged. 

‘T'wo patients failed to show the same improvement on the amount 
of cocarboxylase which improved the signs and symptoms of the 
other cases. This result may indicate that some individuals ulti- 
mately reach a stage when the changes in the nervous system are 
not readily reversible. 

It may be well to indicate here that the neuropathy associated 
with the average endemic pellagrin (in the South), cannot be com- 
pared to the severe form of neuropathy which is seen in most clinics 
in association with long-standing alcoholic addiction. 

The result of the determination of thiamin excretion* in the urine 
of these patients points in the same direction. This investigation 
which was performed by Dr. L. Jonas of the Hospital of the Univer- 

* For the chemical determination of thiamin in the urine the method of Westen- 


brink and Goudsmit' was used in the modification of J. K. Cline. The thiochrome 
used as color standard was supplied by Merck & Co., Rahway, N. J. 
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sity of Pennsylvania, suggests that those patients who showed the 
best clinical and chemical improvement following cocarboxylase 
administration retained most of the injected cocarboxylase, while 
those with little or no improvement excreted most of it in the urine. 

In patients who showed no improvement in electrical muscle 
irritability or clinical neurologic signs, the B.B.S. (bisulphite 
binding substance) values continued high, while they decreased 
simultaneously with electrical and clinical improvement. This 
suggests that an association exists between these two factors. 

The continuous effect of a single intravenous dose of 50 mg. of 
cocarboxylase over a period of 3 or 4 days intimates that this amount 
is sufficient not only to produce the immediate beneficial effect upon 
the nerves, but also to sustain it to a certain degree for a limited 
time. 

The clinical syndrome described in the older literature as pellagra 
is in reality a complex caused by a deficiency of various nutritional 
factors, among which the lack of vitamin B, is important. In 
most of our patients the thiamin deficiency, despite the chronicity 
of the condition, had not yet passed the stage of disease in which the 
neuropathy could be cured by thiamin administration. 

Summary. 1. Clinical examination of 50 pellagrins revealed that 
75% had polyneuropathy of the motor and sensory nerves; 20% had 
extrapyramidal signs, of which one-half showed mild Parkinsonism; 
12.5% had tremor and pyramidal tract signs. 

2. Intravenous administration of 50 mg. or more of phosphor- 
ulated thiamin (cocarboxylase) to 9 of these pellagrins was followed 
in 7 instances by quantitative improvement in the electrical irritabil- 
ity of a number of muscles, in the pupillary and corneal reflexes and 
in the sensitivity to touch and pinprick. These indices often became 
normal within 1 to 4 hours after injection, and improvement was 
maintained from 1 to 5 days. The patient then tended to regress and 
eventually returned to the condition preceding treatment. 

3. The clinical effect of cocarboxylase was found to be identical 
with that of thiamin (vitamin B,) which had been studied previously. 

4. The chemical changes in the blood paralleled the clinical neuro- 
logic improvement following administration of cocarboxylase. 

5. These observations confirmed our premise that the neuropathy 
which is common among pellagrins is caused by a deficiency of 
vitamin B,. 

6. Patients who retained most of the injected cocarboxylase 
improved readily, while those who were unable to retain it, showed 
little or no improvement. 

7. The administration of synthetic riboflavin was not followed by a 
change of the neurologic signs. 
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THERE is good evidence that various members of the vitamin 
B complex are involved in carbohydrate metabolism. In regard to 
B,, much of the data were obtained on tissues excised from avitamin- 
otic animals.* The mechanism of action of other members of this 
group, riboflavin and nicotinic acid amide, has been studied mainly 
as isolated enzyme systems."' The present observations were made 
on patients who, in addition to pellagra (nicotinic acid amide defici- 
ency), exhibited signs of inadequate ingestion of the other vitamins.® 
The cerebral metabolism of these patients was examined not only 
because pellagrins exhibiting severe forms of vitamin deficiencies 
develop mental changes* but also because the brain oxidizes carbo- 
hydrate chiefly. Thus, any alteration in carbohydrate metabolism 
resulting from a deficiency of this group of vitamins should be more 
readily observed in this organ than in others which are capable of 
oxidizing fat as well as carbohydrate. 

* These studies were aided by grants from Child Neurology Research (Friedsam 
Foundation), Rockefeller Foundation, and the Wm. C. Hogg Fund. 
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Method. Carbohydrate metabolism was studied by measuring the 
differences between oxygen,'® glucose,‘ and lactic acid? of the femoral arterial 
blood and that of the internal jugular vein.? The femoral arterial sample is 
similar to that going to the brain while the internal jugular vein carries 
the return circulation from that organ. The arterial and venous blood 
samples were examined before and in most instances after specific treatment 
with vitamin B,, nicotinic acid amide, riboflavin, and vitamin Bg. 


Results. [orty-nine determinations of the cerebral exchange of 
blood gases and utilization of sugar and lactic acid were made on 
27 patients. In order to save space only the averages are presented. 
The results reveal a cerebral oxygen utilization of 6.12 + 0.21 vol. % 
before specific therapy and of 5.51 + 0.21 vol. % after specific 
treatment. The difference is probably not significant. The A:V 
exchange for the entire series is 5.82 + 0.15 vol. %. The mean 
glucose utilization is 7.6 mg. per 100 cc. No difference is observed 
in the average lactic acid content of the arterial (16.9 mg. per 100 ce.) 
and venous (16 mg. per 100 cc.) blood. The oxygen capacity is lower 
than normal both before and after therapy, and the average is 15.3 
vol. %, the normal being approximately 20 vol. %. 

TABLE 1.—THE OXYGEN AND SuGAR CONTENTS OF THE ARTERIAL AND VENOUS 


CEREBRAL BLoop BEFORE AND 3 Hours AFTER THE INJECTION 
or 50 Ma. or CocaRBOXxyYLAsE.* 


Arterial oxygen. Venous S 
Patient - oxygen 
No. Capacity. Content content Diff Arterial Venous 
13.01 12.68 8 O01 1 67 100 102 
13.9% 13.87 9.15 4.72 SS 78 
y 15.95 14.50 10.58 3.92 103 
15.35 14.74 10.69 1.05 101 90 
3 16.55 16.07 14.72 1.35 77 74 
16.57 16.62 13.01 2.61 124 11S 
} 16.89 16.54 10.41 6.13 109 101 
16.84 16.23 9.42 6.81 93 96 
5 17.87 16.47 9.02 7.45 90 79 
18.14 16.19 11.87 4.32 70 66 
6 13.63 13.01 6.89 6.12 92 75 
13.67 13.32 6.17 77 
7 15.39 14.94 11.00 3.94 6S 61 
15.24 14.49 11.07 3.42 132 127 
S 16.93 16.68 11.61 1.47 56 50 
16.22 15.44 11.55 3.89 6S 68 
Average 15.77 15.01 10.32 1.69 91.1 84.7 


(Normal 7.4 


Vitamin B,. Eight pellagrins with peripheral neuritis were 
examined before and at intervals after the intravenous injection of 
50 mg. of cocarboxylase, phosphorylated B,.t This therapy produced 
improvements in 6 of the 8 patients. The average A:V oxygen 
difference is 4.76 + 0.46 vol. % before specific therapy and 4.62 + 

* Oxygen expressed as vol. %. Sugar expressed as mg. per 100 cc. 

t These are the same patients as those described clinically in the preceding paper. 
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0.38 vol. % 3 hours after the medication. The average for both series 
is 4.69 = 0.37 vol. %. This value is low compared with an average 
A:V oxygen utilization of 6.6 + 0.14 in a group of pellagrins free 
of complicating vitamin deficiencies. What is more, the smallest 
oxygen utilization of any patient was observed in a pellagrin with 
an additional B, deficiency (Patient 3, Table 1) who exhibited 
A:V differences of 1.35 and 2.61 vol. % respectively before and 3 hours 
after administration of cocarboxylase.  Pellagrins relatively free 
of complicating vitamin deficiencies had an average A:V oxygen 
uptake of 6.16 = 0.14. The administration of nicotinic acid amide, 
riboflavin, and vitamin By, in 7, 3, and 3 patients respectively 
produced no significant change in the oxygen A:\V differences of 
the brain. The average glucose utilization is 6.4 mg. per 100 ce. 

Discussion. An analysis of the data discloses that the lowest 
oxygen utilization occurred in those pellagrins who also had beri- 
beri as indicated by the neurologic finding given in the preceding 
paper. The latter exhibited an average value of 4.69 vol. %, as 
against 5.82 vol. % for the entire group. The average oxygen con- 
sumption of pellagrins relatively free of other vitamin deficiencies 
is 6.16 vol. &%. A value of 7.43 vol. © has been observed* for normal 
subjects. The difference beween the last two values, 1.27 vol. %, 
though significant by Fisher's statistical method, is not large. This 
result, moreover, cannot be generalized because of the small number 
of pellagrins relatively free of other deficiencies. But there is a 
greater difference, 2.74 vol. &%, between the normals and the pellagrins 
with complicating beriberi. Unless cerebral blood flow is simultane- 
ously determined, however, no exact estimations may be made of 
the oxygen consumption of the brain. The small A:V oxygen util- 
ization observed in pellagrins with a complicating beriberi may be 
due to a more rapid blood flow, approximately a 60% increase over 
the normal. The low oxygen capacity of the blood (the average of 
15.77 vol. % is approximately ? of the normal value) is not of 
sufficient degree to cause a more rapid blood flow. An increase 
would be necessary to accommodate for an anemia but in these 
observations the average oxygen content of the venous blood was 
10.32 vol. %, an adequate reserve. Lennox,’ moreover, showed 
that under a wide variety of conditions, blood flow through the 
brain is remarkably constant. A diminution of brain metabolism 
would therefore appear more likely. Such an interpretation is in 
accordance with Peters’ observations of cerebral tissue of avita- 
minotic pigeons. 

Correlated with a diminished oxygen uptake is the average glucose 
utilization of 6.4 mg. per 100 ce. In patients without vitamin defici- 
encies, average values of 14.6 mg. per 100 cc.* have been observed. 
A decreased uptake of glucose is to be expected in an organ with 


* Unpublished data. 


852 CEREBRAL CARBOHYDRATE METABOLISM 


depressed metabolism, if it obtains its energy predominantly from 
the combustion of carbohydrate. In normals and patients with 
schizophrenia™ the utilization of glucose is greater than can be 
accounted for by the oxygen uptake. In the present observation, 
however, the utilization of oxygen and glucose approach stoichio- 
metric proportions. The diminished cerebral metabolism may afford 
an explanation for the mental changes observed in these pellagrins 
with accompanying thiamin deficiency. A decline of brain metabol- 
ism has been found to produce mental changes.” 

That vitamin B, is necessary for the oxidation of a breakdown 
product of sugar, namely, pyruvic acid, has been demonstrated by 
Peters and others. They noted a decreased oxygen usage in cerebral 
tissues excised from B, avitaminotic animals, a decrease reversible 
in the presence of cocarboxylase.!. Such a reversal did not occur 
in the present experiments. This may be due to lack of time for 
restitution. In all cases the second blood samples were drawn only 
3 hours after the injection of cocarboxylase. In one instance (Pa- 
tient 3, Table 1), however, a third pair of samples collected 1 week 
later did disclose an increased cerebral metabolism. 

It must also be remembered that the vitamins are closely inter- 
related in the oxidative processes. In our polyavitaminotic patients 
the replacement of only one of the missing essentials in this sub- 
group could not be expected to restore function of the enzyme system. 
Finally the low cerebral oxygen uptake may be caused by some other 
deficiency accompanying a lack of B;. In any case this low oxygen 
consumption demonstrates a central component of this disease, 
and may afford an explanation for the mental changes. No utiliza- 
tion of lactic acid was noted, which is in accordance with previous 
observations in vivo. 

Summary and Conclusions. [| orty-nine observations were made in 
27 polyavitaminotic patients whose most outstanding deficiency 
disease was pellagra. Samples of blood entering and leaving the 
brain were examined for oxygen, sugar, and lactic acid. The average 
A:V differences for oxygen are 5.82 vol. % in this group, compared 
to 7.43 vol. % in normal subjects. For glucose, the average A:V 
difference was 7.6 mg. per 100 cc., compared to 14.6 mg. per 100 cc. 
in normal subjects. No difference is observed in the average lactic 
acid contents between arterial and venous blood. 

A group of 7 pellagrins presenting a clinical picture relatively 
uncomplicated by other deficiency diseases revealed an oxygen 
A:V difference of 6.16 vol. %, somewhat lower than the normal. 

However, in 8 individuals who had pellagra complicated by beri- 
beri, a more marked depression of the oxygen A:V difference was 
observed with an average value of 4.69 vol. %. This difference may 
be caused either by a blood flow increased 60% over the normal or 
by a diminished cerebral metabolism. The latter possibility is 
regarded as more likely. If cerebral metabolism is decreased in 
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pellagra complicated by beriberi, it is difficult to determine whether 
the low oxygen uptake is due to lack of one vitamin or to a poly- 
avitaminosis. However, such observations may afford a basis for 
an explanation of the mental changes of this syndrome. 
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Since Ellinger and Dojmi'® reported the finding of increased 
urinary porphyrin in 8 patients with pellagra, a number of reports 
have been published dealing with the porphyrinuria of pellagrins. 
Beckh, Ellinger and Spies? studied the output of a chromogenic 
material which they called “‘porphyrin”’ in the urine of 19 patients 
having pellagra, 14 of whom were inebriates. Their findings 
indicated that the “‘porphyrin’’* output was approximately related 
to the severity of the skin and mucous membrane lesions, and that 
the excretion returned to normal following treatment with diet, 
yeast and liver, and coincident with regression of the disease. Spies 
and his coworkers'** then noted that nicotinic acid causes a 
decrease in the excretion of chromogenic material not only in 
pellagrins, but in certain other diseases. The increased porphyrin 
excretion in pellagra and in certain congenital diseases of the skin, 
such as epidermolysis bullosa and hydroa vacciniforme, coupled 
with the increased photosensitivity observed in congenital porphyria, 
is interesting in view of the work of Smith and Ruffin'* who found a 


* Bean, Vilter and Spies! have since designated their ‘‘porphyrin”’ as ‘‘ether soluble 
pigments which have the color of porphyrin in 25% hydrochloric acid.” 
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correlation between exposure to sunlight and the development of 
the cutaneous lesions of pellagra. Recent studies of porphyrin 
excretion, however, seem to indicate that it is usually associated 
with disturbances of the general health, and that photosensitivity 
or skin lesions have no direct relation to the porphyrinuria.® 

Porphyrinuria occurs in many pathologic conditions such as 
plumbism, sulfanilamide poisoning, pigment cirrhosis of the liver, 
pernicious anemia, hemolytic jaundice, chronic alcoholism, arsenical 
poisoning, and congenital porphyria.* These conditions point 
to involvement of the liver, bone marrow, or reticulo-endothelial 
system. Many of the phenomena observed in pellagra, such as 
abdominal distress, diarrhea, pigmentation of the skin, and photo- 
sensitivity are often found in patients exhibiting acute toxic por- 
phyria. Are these pellagrous symptoms due directly to toxic 
effects of excessive porphyrins or are the porphyrinuria and these 
symptoms alike manifestations of systemic involvement? 

Several investigators have suggested that porphyrinuria may be 
an indication of hepatic insufficiency.’ *! We, therefore, felt that 
the explanation of porphyrinuria in pellagra might be aided by a 
study of porphyrin excretion in conjunction with administration 
of nicotinic acid, changes in liver function, and disturbances in 
hematopoiesis. 


Methods. The subjects in this study were 9 inebriates admitted to the 
Medical Service of the Psychiatric Division of this hospital who, at the 
time of admission, presented either a pellagrous stomatitis, dermatitis, or 
both. As a control, these patients were maintained for several days with 
a diet low in the vitamin B complex'’ supplemented by 5°; glucose in 
physiologic saline in amounts sufficient to maintain an adequate caloric 
and fluid intake.'* Following the control period, and while still maintaining 
the patient with the same regimen, nicotinic acid* was administered, usually 
in amounts of 1000 mg. daily by mouth, in divided doses. After the first 
few days, when the patient exhibited marked improvement in his pellagra 
symptoms, the amount of nicotinic acid was reduced to a maintenance dose 
of from 100 to 500 mg. daily. At this time, too, the diet was usually changed 
to one having a high content of the B vitamins" with supplements of vegex t 
and thiamin.t Porphyrin determinations were made on 24-hour urine 
specimens collected in brown bottles, preserved with thymol and kept in 
an ice-box. In addition, the following tests were made by methods de- 
scribed in previous publications from this clinic: levulose tolerance, 
bromsulphalein retention, quantitative serum bilirubin, van den Bergh 
reaction, red blood cell count, white blood cell count, hemoglobin, mean 
corpuscular volume, maximum packing, corpuscular hemoglobin, and color 
index. 

The determination of porphyrin was made by the method of Dobriner 
et al.*:“* which is based on the extraction of porphyrins (mainly ecopro- 
porphyrin) with ether in the presence of glacial acetic acid and transference 
to dilute hydrochloric acid. Estimation of the porphyrin content of the 
hydrochloric acid extract was made by,comparison of the fluorescence of 


* Supplied by Merck & Co., Rahway, N. J., and by S.M.A. Corporation, Chicago, 
Illinois. 

+ Supplied by Vegex, Incorporated, New York, N. Y. 

t Supplied by Merck & Co., Rahway, N. J. 
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the unknown against hydrochloric acid solutions of known porphyrin con- 
tent in a fluorimeter, using a mereury vapor lamp behind a Wood’s filter 
to sereen the visible light. The quantities and the kind of porphyrin 
extracted were confirmed spectroscopically by comparison against standard 
solutions with a hand spectroscope. 

Only coproporphyrins I and III are extracted by this method. Such 
porphyrins as uroporphyrin, protoporphyrin, and others, are rarely found 
in any significant amounts in the urine, except in congenital porphyria, and, 
if present, are largely removed by this method. Recovery of added copro- 


porphyrin by the above method was within 2%. 


Results. Using the above procedure, the urinary porphyrin 
excretion of 7 normal subjects, consuming a good ad lib. diet, was 
found to range between 30 and 120 micrograms daily. These 
findings agree with those of Dobriner and his coworkers®:® in 5 
normal subjects, and are therefore not tabulated. Data on the 
9 pellagrins are tabulated in Table 1. 

Two subjects (Cases 3, 6) did not exhibit porphyrinuria at any 
time. 

One subject (Case 1) exhibited porphyrinuria on the twenty- 
fourth day only, at a time when he had recovered from his pellagra 
following administration of nicotinic acid. 

Six subjects (Cases 2, 4, 5, 7, 8, 9) had a definite porphyrinuria 
at some time during their hospital stay. In 3 (Cases 2, 7, 8) there 
seemed to be a definite correlation between the severity of the pel- 
lagra and the excretion of porphyrins, in that the porphyrinuria was 
high during the severe manifestations of the disease but decreased 
and returned to normal as the symptoms subsided. In 2 of these 
subjects (Cases 2, 7) improvement occurred spontaneously while 
they were maintained with the basal diet; in 1 (Case 8), the improve- 
ment promptly followed administration of nicotinic acid. In 3 
(Cases 4, 5, 9) our data do not show any correlation between 
severity of pellagra and porphyrinuria. In one of these (Case 4) 
porphyrinuria increased as the pellagra disappeared with nicotinic 
acid treatment; in 1 (Case 9) transient porphyrinuria occurred 
during both the control period and following recovery; and in one 
(Case 5) only a single porphyrin determination was made. 

All 6 subjects (Cases 2, 4, 5, 7, 8, 9) who exhibited porphyrinuria 
showed at some time during their hospital stay impaired liver func- 
tion in the form of bilirubinemia, retention of bromsulphalein, 
or a positive levulose tolerance test. In 3 of these (Cases 4, 7, 9) 
one test was abnormal; in 1 (Case 2) two tests were abnormal; and 
in 2 (Cases 5, 8) all three tests were abnormal. In the 2 (Cases 3, 8) 
who did not exhibit porphyrinuria, none of these three liver func- 
tion tests was abnormal. In the 1 (Case 1) who showed a por- 
phyrinuria only on the twenty-fourth day, two of the tests were 
abnormal. 

Blood studies were done in 6 subjects (Cases 1, 2, 4, 7, 8, 9), of 
whom 2 (Cases 7, 8) showed a quantitative anemia; both of these 
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exhibited porphyrinuria. Of the remaining 4 subjects, all having 
a normal blood picture, 3 (Cases 2, 4, 9) exhibited porphyrinuria. 
No apparent correlation, therefore, exists in our subjects between 
the blood picture and porphyrinuria. 

Discussion. Our results indicate that porphyrinuria cannot be 
used either as a diagnostic criterion or as a therapeutic guide i 
pellagra. The experience of Sydenstricker™ and Watson, who 
found that porphyrinuria was an inconstant factor in pellagra, is 
confirmed. Our findings indicate that porphyrinuria is present in 
about two-thirds of the pellagrins; but in only one-half of these 
can the porphyrinuria be correlated with the severity of the disease; 
in the other half, the porphyrinuria bears no relation to the stage 
or severity of the disease. 

Based on their results in the treatment of porphyrinuria by nico- 
tinic acid, Spies et al.!°*! have suggested a possible connection 
between nicotinic acid and porphyrin metabolism. This is not 
substantiated by our studies since porphyrinuria may decrease 
without the administration of nicotinic acid, or increase following 
administration of nicotinic acid and while the manifestations of 
pellagra are regressing. These facts also indicate that the symptoms 
of pellagra are in no way dependent on impaired porphyrin metab- 
olism as manifested by increased porphyrinuria. 

There is no evidence in any of our hematologic studies of a dis- 
turbed bone marrow activity with consequent alterations in hemato- 
poiesis to account for the production of excess porphyrinuria. The 
most significant correlation in our studies was the evidence of 
hepatic dysfunction in almost all of our subjects who had porphyr- 
inuria. ‘The presence of liver dysfunction may explain the por- 
phyrinuria of our pellagrins either in the form of a disturbance in 
hemoglobin breakdown and production of excessive copropor- 
phyrin III, or of the liver’s inability to excrete porphyrins into the 
bile.?, Both mechanisms may be coincidentally involved. Dobriner, 
Strain, and Localio® have reported the detailed analysis of the 
porphyrin excretion of a case of pellagra in an inebriate. They 
found a mixed type I and III coproporphyin excretion similar to 
that reported in porphy ria, pigment cirrhosis of the liver, and lead 
poisoning, and pointing to a pathologie construction as well as an 
abnormal excretion of porphyrin. These authors suggest that the 
porphyrinuria may resemble the urobilinuria caused by hepatic 
insufficiency. 

As early as 1900 Garrod® had observed that many patients with 
porphyrinuria had evidence of liver disease, either clinically or post- 
mortem. More recently, Watson and Franke" have reported on 
the incidence of liver disease in porphyrinuria. Sydenstricker and 
his coworkers” and Boggs and Podget* have speculated on the 
possibility of some relationship of hepatic dysfunction to pellagra. 

In our subjects we have had to consider one other factor, 7. e., the 
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chronic consumption of alcohol. Franke and Fikentscher® and 
Brugsch® attributed the porphyrinuria of inebriates to the presence 
of liver disease. The finding of porphyrinuria in a pellagrin may, 
therefore, in our opinion, be only a sign of sufficient hepatic damage 
to interfere with the normal handling of the porphyrins. 

Conclusions. 1. Porphyrinuria is not a constant guide for the 
diagnosis of, or for the evaluation of therapy in, pellagra. 

2. When present in pellagra, the porphyrinuria is probably a 
manifestation of the coincident existence of hepatic dysfunction. 


We wish to express our gratitude to Dr. Konrad Dobriner for supplying us with 
the standard porphyrin solutions and for his helpful advice during the course of 
this work. 
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BOOK REVIEWS AND NOTICES 


CONGENITAL Cert Lip, CLEFT PALATE, AND ASSOCIATED NASAL DEFORMI- 
TIES. By Haroup STearns VauGHan, M.D., D.D.S., F.A.C.S., Pro- 
fessor of Clinical Surgery, New York Post-Graduate Medical School, 
Columbia University; Attending Surgeon, New York Post-Graduate 
Hospital, etc. Pp. 210; 259 illustrations. Philadelphia: Lea & Febiger, 
1940. Price, $4.00. 

Tus is a concise presentation of the subject of cleft lip and palate. 
After an introduction on historic data, there follow chapters on embryol- 
ogy and anatomy of the parts concerned, and a description of the various 
types of deformity. There is a simple exposition of the physiology of 
speech and deglutition with an explanation of the mechanism of cleft 
palate speech. The author describes several of the well-known operative 
methods of treatment, giving details of those which have been found most 
efficacious in his hands. This is not a mere recital of operations, but is of 
real value as expressing the results of the author’s wide personal experience 
in this field. For repair of cleft palate, he employs the von Langenbeck 
operation, using the lead ribbon support for the flaps as developed by 
Mackenty and himself. For the short palate, he uses his modification of the 
Dorrance ‘ push-back”’ operation, which is designed to avoid an opening 
anteriorly when the cleft originally extends into the hard palate. The 
author deals at some length with the importance of continued supervision 
of the patient after operation. He states that young children with ade- 
quate velopharyngeal closure obtain normal speech, even without training, 
but notices that adequate speech training and exercises will produce the 
results more rapidly. He also stresses the importance of orthodontic 
treatment when indicated. There is a section by Dr. L. J. Porter describing 
useful orthodontic appliances in these cases, and one by Dr. J. J. Fitz- 
Gibbon upon prosthetic aids in cases with defects not amenable to operation. 

We commend this book as one containing reliable information based 
upon wide personal experience in a very difficult field too often invaded by 
insufficiently prepared surgeons. R. I. 


Die KATARRH-INFEKTION ALS CHRONISCHE ALLGEMEINERKRANKUNG. 
Eine dynamische Reaktionspathologie des Rheumatismus und itiologisch 
zugehoriger Erkrankungen als Ausdruck einer spezifischen Virusinfek- 
tion. By Dr. Mep. K. v. NeEERGAARD, Professor an der Universitit 
Zurich. Pp. 285; 24 illustrations. Leipzig: Theodor Steinkopff, 1939. 
Price, Paper, Rm. 11.25; Bound, Rm. 12.37. 

Tuis interesting book deals chiefly with the sequels of common cold and 
influenza. It is pointed out that there is no borderline between these two 
diseases, and that their sequels are the same. As they are toxic in nature, 
and as the infection by which they are preceded is most often a catarrhal 
one, they are spoken of as catarrhal toxicoses. The author describes in 
detail the various symptoms and manifestations of catarrhal toxicosis. 
He discusses its differential diagnosis, and its relationship to other diseases 
such as bronchitis, pneumonia, nephritis and especially rheumatism in its 
various forms. He also gives a comprehensive review of its etiology and 
pathogenesis. The author concludes that the common cold and influenza 
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are the cause of a “‘ permanent endemic of chronic diseases of various nature 
and localization.”” This catarrhal toxicosis as well as the common cold 
and influenza should be regarded as part of one specific infectious disease 
that was caused by the influenza virus. W. E. 


FuNcTIONAL DisorpERS OF THE Foor. By Frank D. Dickson, M.D., 
F.A.C.S., Orthopedic Surgeon, St. Luke’s, Kansas City General, and 
Wheatley Hospitals, Kansas City, Mo., Providence Hospital, Kansas 
City, Kansas, and Rex L. Divetey, A.B., M.D., F.A.C.S8., Orthopedic 
Surgeon, St. Luke’s, Kansas City General, Research, and Wheatley 
Hospitals, Kansas City, Mo., Providence Hospital, Kansas City, Kansas. 
Pp. 305; 202 illustrations. Philadelphia: J. B. Lippincott Company, 
1939. Price, $5.00. 

A sounp and practical work, lacking in brilliance and originality, 


G. W. 


ORTHOPEDIC OPERATIONS. Indications, Technique and End Results. By 
ARTHUR STEINDLER, M.D., F.A.C.S., Professor of Orthopedic Surgery, 
The State University of lowa, Iowa City. Pp. 766; 865 illustrations on 
322 figures. Springfield, Ill.: Charles C Thomas, 1940. Price, $9.00. 
THE essence and substance of this most excellent textbook are fully 

indicated in its title. A vast amount of material covering an extremely 

broad field is presented in a terse, at times, almost laconic style. The 
illustrations are numerous, clear and essential. The value of the work is 
greatly enhanced by its complete index. 

Such a work could only be written by a surgeon who is master of his 
specialty. When to this is added the preéminent scholarship of the author, 
the result is a text outstanding in the world’s literature upon this subject. 

G. W. 


A Docrtor’s Houipay IN IRAN. By SLAUGHTER Morton, M.D., 
Author of ‘A Woman Surgeon.”” Foreword by Surgeon-General HuGcH 
S. Cummine (Retrrep). Pp. 335; illustrated. New York: Funk & 
Wagnall Company, 1940. Price, $3.00. 

THE author, well known for her medical achievements in the World 
War and as the author of an arresting autobiography, ‘‘A Woman Surgeon,”’ 
has visited Iran (Persia) to observe at first hand the metamorphosis of a 
reborn country. More than merely recording a doctor’s holiday, she 
describes enthusiastically the country’s political and social progress under 
Reza Pahlavi, and almost incidentally considers the part played by the 
doctor in the country’s advancement. Most of these 50 pages, too, depict 
the backward state of medical knowledge in Iran, the work of foreigners 
apparently constituting the chief redeeming feature thus far. However, 
the number of better educated Iranian physicians is increasing, public 
health measures being adopted by the government, free dispensaries opened 
and vaccination made compulsory for children. Here is entertaining and 
instructive reading in support of the author’s belief that there is a great 
future for this ancient country that has had its periods of greatness. 

E. K. 


AN INTRODUCTION TO MopERN Genetics. By C. H. Wappineron, Sc.D., 
Fellow of Christ’s College, Cambridge. Pp. 441; 159 illustrations and 
5 plates. New York: The Macmillan Company, 1939. Price, $4.00. 
HeReEpITy, the subject matter of genetics, has to an increasing degree 

become of importance to medicine. While this is widely realized, few prac- 
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titioners are correspondingly well acquainted with the principles upon which 
the science of genetics is built. This work deals with the concepts and theor- 
ies of genetics, rather than with techniques which have so often been over- 
emphasized in texts on the subject. The first part of the book treats of 
formal genetics, 7. e., the fundamentals of Mendelism, the mechanics of 
the chromosomes and related subjects; in the second part genetics and 
development are discussed; in the third part, genetics and evolution; in the 
fourth, genetics and human affairs; the fifth deals with the nature of the gene. 
Perhaps the fact that this book was written by a well-known experimental 
embryologist accounts for the lucidity and perspective with which the 
subject is treated. It will be well worth the reading of anyone who would 
gain a survey of this relatively new science. B. L. 


Die akuTe Myokaropitis. Klinische und pathologisch-anatomische 
Beobachtungen bei 36 Krankheitsfillen in ihren Beziehungen zu Herd- 
Infekten, zu Allgemein-Infekten (Grippe) und zur Tuberkulose. By 
FERDINAND WUHRM _ Oberarzt der Klinik. Pp. 148; 86 illustrations. 
Basel: SS. Karger A.-G., 1939. 

Tuis is an interesting peat of 36 cases of acute myocarditis other than 
diphtheric, scarlatinal, typhoid, septic or rheumatic. A large group of 
these cases was preceded by influenza; 15 cases were affected with exudative 
pulmonary tuberculosis; and a few had a focal infection. The myocarditis 
commenced as a rule suddenly with collapse, cyanosis, rapid pulse and 
dyspnea. The heart was either a little enlarged or dilated, and electrocardio- 
graphic changes were present. In most cases death ensued rapidly, though 
occasionally recovery occurred. Histologic examination showed edema and 
inflammatory infiltration, both lymphocytic and granulocytic. The infil- 
trations were but rarely diffuse, but mostly focal, either in the auricles or 
the ventricles or both. The endocardium and pericardium were not affected. 
The author believes that post-influenzal myocarditis should be explained 
on an allergic basis, while tuberculous myocarditis is a ‘‘true tuberculous 
interstitial myocarditis.”” The last chapter offers a critical discussion of the 
literature of the last 50 years. The monograph is well illustrated by many 
Roentgen rays, electrocardiograms, charts and microphotographs. 


W. E. 


Dit FUNKTION DER NEBENNIERENRINDE. By F. Verzir, Professor der 
Physiologie an der Universitit Basel. Pp. 266; 16 illustrations and 
4 tables. Basel: Benno Schwabe & Co., 1939. Price, Fr.Sw.25.00. 
Tue author has succeeded in presenting a well organized summary of 

adrenal physiology. Emphasis is placed upon experiments dealing with 

phosphorylation; and, in addition, a theory of adrenal function is suggested. 

This is a valuable reference blook. C. D. 


MANUAL OF THE DISEASES OF THE Eye. For Students and General Prac- 
titioners. By CHartes H. May, M.D., Consulting Ophthalmologist 
to Bellevue, Mt. Sinai and French Hospitals, New York, ete. With the 
assistance of CHARLES A. Perera, M.D., Instructor in Ophthalmology, 
College of Physicians and Surgeons, Medical Department of Columbia 
University, New York. Pp. 515; 387 illustrations including 31 plates 
with 95 colored figures. Sixteenth Edition, revised. Baltimore: William 
Wood & Co., 1939. Price, $4.00. 

Tuis sixteenth edition has been carefully revised so that although new 
material has been added the size of the volume stays approximately the same. 
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Some of the recent additions concern chemotherapy, the operative treatment 
of retinal detachment by electrocoagulation and of corneal opacities by 
keratoplasty. The colored illustrations are sharp and accurate. This 
manual forms a reliable basis for the introduction of the undergraduate 
student to ophthalmology and an accurate reference manual for the general 
practitioner. 


Virus AND RICKETTSIAL Diseases with Especial Consideration of Their 
Public Health Significance. A Symposium held at The Harvard School 
of Public Health June 12-17, 1939. Pp. 907; illustrated. Cambridge, 
Mass.: Harvard University Press, 1940. Price, $6.50. 

DIsEASES caused by viruses are now known to be as numerous and as 
important as are the bacterial infections. But the study of viruses is still 
in an early stage, and progress in our knowledge is rapid; hence this survey 
by a group of qualified investigators is timely and very helpful. The book 
deals with major problems: the nature and properties of viruses, the common 
diseases of man and animals caused by them, the epidemiological aspects of 
virus diseases, the peculiar relationship of some bacterial infections and 
virus infections, insects as vectors of viruses. These and related topics 
discussed are of every day importance to the practitioner and to the public 
health official to whom this book is warmly recommended. A comprehensive 
index would render this useful and stimulating work even more helpful. 

B. 


EpipEMIC ENCEPHALITIS. ErioLoGy, EpipeEMIOLOGY, TREATMENT. Third 
Report by the Matheson Commission, WILLARD C. RappLeye, Chairman, 
HavEN Emerson, ALpHonse R. Docuez, Freperick P. Gay, WiLuiaAM H. 
ParRK, CHARLES R. Strockarp, FRepERICcK TILNEY, WILLIS D. Woon. 
HuBert 8. Hows, Secretary, JoSEPHINE B. NEAL, Executive Secretary, 
HELEN HarrinGTon, Epidemiologist. Pp. 493. New York: Columbia 
University Press, 1939. Price, $3.00. 

THE discovery during the past decade of the causative agents of several 
specific types of encephalitis has aroused wide-spread interest in these infec- 
tions of the brain. This report comes therefore as a timely and welcome 
summary of recent work on this subject. 

The major part of this book is a bibliography of the literature of encepha- 
litis for the years 1930 to 1937, which runs to some 300 pages. The chief 
contributions of this literature are necessarily reviewed but briefly, as they 
include the epidemic encephalitis of von Economo, the St. Louis and Japa- 
nese types, equine encephalo-myelitis, post-infectious encephalitis and other 
allied ills. 

In addition to this bibliographic work the Commission reports on their 
attempts to isolate infectious agents from encephalitic cases. Over 150 
specimens of spinal fluid and of blood taken during the “ante” stage of the 
disease were injected into mice and rabbits with completely negative results. 
On the other hand, by inoculation of brain tissue from patients dying of 
various forms of encephalitis, a virus was found in five of 50 cases. In 
three instances of measles encephalitis, and in a chronic encephalitis case 
a herpes virus was recovered. Although no claim is made that herpes virus 
is the cause of epidemic encephalitis, the Commission was led by these 
results to a trial of virus vaccine treatment. 

Virus vaccine made up from herpes virus has been used since 1933 in 
88 cases in the acute stage with a mortality rate of less than half that of the 
untreated cases. Patients in the chronic stage have also been treated with 
results “‘on the whole encouraging and at times quite spectacular.’”’ The 
authors wisely point out the difficulty in evaluating these results. 
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This volume is a splendid reference source for the literature of enceph- 
alitis. For the general reader its value could have been increased if the 
review had been more critical even if less encyclopedic, and had the titles 
been listed under subjects rather than authors. G. G. 


Human HetminruoLtocy. A Manual for Physicians, Sanitarians and 
Medical Zoélogists. By Ernest Carro.ii Faust, A.B., M.A., Px.D., 
Professor of Parasitology and Director of Laboratories, Department of 
Tropical Medicine, Tulane University of Louisiana, New Orleans. 
Pp. 780; 302 illustrations. Second edition, thoroughly revised. Phila- 
delphia: Lea & Febiger, 1939. Price, $8.50. 

IN its second edition this book has been increased by more than 150 pages 
part of which is taken up by a new chapter ‘‘Anthelmintics and Their Use”’ 
and part by increases in other portions of the text. The classification of 
the Nemathelminthes has been revised, but probably would have been 
improved by more complete illustrations. Although it is still possible to 
point to many other faults, these are chiefly of a minor nature and the book 
seems to be the most complete and useful in its field. H. R. 


NEW BOOKS 

Arthritis and Allied Conditions. By Brernarp I. Comrog, A.B., M.D., 
F.A.C.P., Instructor in Medicine, University of Pennsylvania; Ward 
Physician, Hospital of the University of Pennsylvania. Pp. 752; 200 
illustrations. Philadelphia: Lea & Febiger, 1940. Price, $8.50. 

Synopsis of Obstetrics. By Jenninas C. Lirzenperc, M.D., F.A.C.S., 
Professor Emeritus of Obstetrics and Gynecology, University of Minne- 
sota Medical School, Minneapolis. Pp. 394; 157 illustrations (5 in color). 
St. Louis: The C. V. Mosby Company, 1940. Price, $4.50. 

Handbook of the Hospital Corps, United States Navy, 1939. Pp. 1015; 
201 illustrations. Washington, D. C.: The Bureau of Medicine and 
Surgery, under the Authority of The Secretary of the Navy, 1939. 
Price, $1.75 (Buckram). 

Though written as a guide for the hospital corpsmen of the Navy, this book 
contains such a mass of information that it should be useful in much wider circles. 
Minor surgery, anesthesia, therapeutics, toxicology, pharmacy, nursing, allergy, 
venereal disease, industrial medicine, are but a few of the subjects covered in 
the 12 chapters. The most detailed treatment is naturally expended on the 12 
sections of the final chapter on Hospital Corps Technical Specialties. 

Chemotherapy and Serum Therapy of Pneumonia. By Freperick T. Lorn, 
M.D., Clinical Professor of Medicine, Emeritus, Harvard Medical School; 
Member of the Board of Consultation, Massachusetts General Hospital, 
S. Roprnson, M.D., Px.D., Director, Division of Biologic Labora- 
tories, Massachusetts Department of Public Health, and Roperick 
Herrron, M.D., Medical Associate, The Commonwealth Fund; formerly 
Field Director, Pneumonia Study and Service, Massachusetts Department 
of Public Health. Pp. 174. New York: The Commonwealth Fund, 1940. 
Price, $1.00. 

Introduction to Medicine. By Don C. Sutton, M.S., M.D., Associate 
Professor of Medicine, Northwestern University School of Medicine; 
Attending Physician, Medical Division of the Cook County Hospital, 
etc. With Introduction by Apa Bette McC erry, R.N., Superintendent, 
Evanston Hospital, Evanston, Illinois. Pp. 642; 144 illustrations and 
14 color plates. St. Louis: The C. V. Mosby Company, 1940. Price, 
$3.25. 

Graduate Medical Education in the United States. Continuation Study for 
Practicing Physicians, 1937 to 1940. Pp. 243. Chicago: American 
Medical Association, 1940. 
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Poisons, Their Isolation and Identification. By FRANK Bamrorp, B.Sc., 
Late Director of the Medico-Legal Laboratory, Cairo. With a Foreword 
by PRoressor SypNEY SmiruH, M.D., F.R.C.P., Regius Professor of 
Forensic Medicine, University of Edinburgh. Pp. 344; 21 illustrations. 
Philadelphia: The Blakiston Company, 1940. Price, $4.00. 

The British Encyclopedia of Medical Practice including Medicine, Surgery, 
Obstetrics, Gynecology, and Other Special Subjects. Cumulative Supple- 
ment, 1939 (Pp. 170; 1 illustration); Surveys and Abstracts, 1939 (Pp. 655; 
26 illustrations). Under the General Editorship of Sir Humpury 
Bt., G.C.V.O., K.C.B., M.D., D.Sc., D.C.L., LL.D., 
Emeritus Regius Professor of Physic, Cambridge; Sometime President 
of the Royal College of Physicians of London. Publishing Editor, 
ApaMm Ciark, L.M.S.8.A.; Sub-Editor, G. FauLKNER, D.Sc. London: 
Butterworth & Co. (Publishers), Ltd., 1940. Price, $9.00 per volume. 

Specialties in Medical Practice. Volumes 1 and 2. Edited by EpaGar 
vAN Nuys ALLEN, M.D., Chief of a Section in the Division of Medicine, 
The Mayo Clinic, Rochester; Associate Professor of Medicine, The Mayo 
Foundation for Medical Education and Research, Graduate School, 
University of Minnesota. With a Foreword by DonaLp C. Barour, 
M.D., F.A.C.S., F.R.C.S. (England), F.R.A.C.S., Consultant in Surgery, 
The Mayo Clinic; Professor of Surgery and Director, The Mayo Founda- 
tion for Medical Education and Research, Graduate School, University 
of Minnesota. Pp. 964; 300 illustrations. New York: Thomas Nelson 
& Sons, 1940. Price, $25.00. 

Relation of Trauma to New Growths. Medico-Legal Aspects. By R. J. BEHAN, 
M.D., Dr. Men. (Berlin), F.A.C.S., Surgeon, St. Joseph’s Hospital and 
Dispensary, City of Pittsburgh Hospital at Mayview, The Tuberculosis 
Hospital at Leech Farm, and the Allegheny County Hospital at Wood- 
ville. Pp. 425. Baltimore: The Williams & Wilkins Company, 1939. 
Price, $5.00. 

The Hypothalamus and Central Levels of Autonomic Function. Proceedings 
of the Association December 20 and 21, 1939, New York. (Vol. XX of 
Research Publications, Association for Research in Nervous and Mental 
Diseases.) Pp. 980; 319 illustrations and 35 tables. Baltimore: The 
Williams & Wilkins Company, 1940. Price, $10.00. 
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A Textbook of Physiology. By Wituiam D. Zorrnout, Px.D., Professor 
of Physiology in the Chicago College of Dental Surgery (Loyola Univer- 
sity) and W. W. TUTTLE, Pu.] )., Professor of Physiology, ( ‘ollege of Medi- 
cine, State University of Iowa. Pp. 743; 302 illustrations. Seventh 
Edition. St. Louis: The C. V. Mosby Company, 1940. Price, $4.50. 

This book maintains its high standard of clearness of exposition. Treating the 
subject for students with relatively little scientific background, it deals with chem- 
ical and histologic foundations in a simple but adequate manner. It gives special 
attention to applications and rightly emphasizes the practical dietetics and the 
value of vitamins. It contains many references to review articles including recent 
publications and should be a very useful guide for students. It has been brought 
up to date with good judgment. H. B. 

Diabetes. Practical Suggestions for Doctor and Patient. By Epwarp L. 
Bortz, A.B., M.D., F.A.C.P., Associate Professor of Medicine, Graduate 
School of Medicine, University of Pennsylvania; Chief of Medical 
Service B, The Lankenau Hospital, Philadelphia. With a Foreword by 
GEORGE Morris Pierson, B.S., M.D., F.A.C.P., Professor of Medicine, 
Graduate School of Medicine, University of Pennsylvania. Pp. 296; 
15 illustrations and 6 tables. Second Edition, revised and enlarged. 
Philadelphia: F. A. Davis Company, 1940. Price, $2.50. 
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SINUSITIS IN CHILDREN 


LATELY sinus disease in children, a process inadequately studied and 
for some unknown reason neglected by rhinologists, pediatricians and 
general practitioners, has begun to attract widespread attention®” and 
thoughtful consideration. Since children are especially subject to recur- 
ring attacks of upper respiratory infection, sinusitis should be suspected 
in cases with continued nasal obstruction, chronic cough, or frequent 
“colds.” Persistent purulent nasal discharge may imply something 
more than a “cold,” so that Miller’ regards every acute “cold’’ as 
potentially an acute sinusitis, and Wachsberger™ believes that most of 
the chronic sinus infections of adults can be traced back to early child- 
hood. Sinusitis may be a complication of the acute exanthematous 
diseases, particularly scarlet fever and measles, as well as of whooping 
cough, influenza and any acute respiratory tract infection. Predispos- 
ing factors for the establishment of sinusitis are undernourishment, 
poor hygienic surroundings, inadequate diet, constitutional defects, and 
anything that causes mechanical obstruction to normal aération and 
ventilation. 

Mitchell® declares that the time to prevent infantile sinuses and 
accompanying sinusitis is during the period of growth and develop- 
ment, that is, during childhood and early adolescence. When the 
tonsils are removed too early in life, additional work is thrown on the 
sinuses, which play an intimate part in immunization against diseases 
that may arise from infections of the upper part of the respiratory tract. 
The dictum “once a sinus always a sinus” is not true if the condition 
is recognized early and managed properly. Mitchell®* states that the 
radiologist should be consulted at regular intervals so that the progress 
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of the disease may be determined. The otolaryngologist assumes 
responsibility for local treatment, while the pediatrician must recog- 
nize the sinus disease and supervise the general health of the patient. 
According to Birdsall’ the onset of sinusitis is often insidious and may 
be overlooked unless a careful nasal examination is made. Tonsillec- 
tomy, performed upon children with sinusitis, is frequently without 
beneficial effect. Careful examination of the nose would prevent this 
error in judgment in a large percentage of cases. Sinusitis in children 
responds readily to conservative treatment; operative intervention is 
necessary only in a relatively small number of cases. 

In order to arrive at an accurate diagnosis and to obtain better results 
in the treatment of nasal disease in children, Barnett and Carnahan? 
stress the desirability for establishing an allergy-conscious attitude on 
the parts of the rhinologist and the pediatrician. To determine the 
extent of nasal allergy in childhood it is essential to perform routine 
examinations of the nasal secretions. In a child with uncontrolled 
allergy the removal of infected tonsils and adenoids may aggravate 
symptoms. The results from surgical intervention are often disappoint- 
ing if associated allergy is not simultaneously or previously relieved. 
The removal of nasal polyps in the patient with uncontrolled allergy 
may be followed by prompt recurrence. Cytologic examinations of the 
nasal secretions with predominance of eosinophils offer confirmatory 
evidence of allergy. Relief from nasal allergy may often be obtained 
by prophylactic allergic measures. Allergic testing and hyposensitiza- 
tion should be utilized in unrelieved and complicated conditions. 

Acute osteomyelitis of the superior maxilla in children and in young 
infants is the subject of two excellent papers by Lacy and Engel® and 
by Asherson.'! Acute osteomyelitis of the superior maxilla in infants 
presents a typical and constant clinical picture enabling the condition 
to be readily identified in spite of the rarity of its occurrence. Starting 
with a feverish attack, the onset is sudden. The first indication of the 
location of the disease is edema and swelling of the eyelid. The eyes 
become closed, and proptosis follows. There soon develops a unilateral 
purulent nasal discharge from which the staphylococcus can be cultured. 
The cheek on the affected side becomes red, swollen, painful and tender. 
The inflammation goes on to suppuration and usually ruptures just 
below the inner canthus, and gives rise to a persistent fistula. Local- 
ization may occur also in the region of the canine fossa, the alveolus 
and the palate with subsequent fistula formation. Early spontaneous 
rupture or operative procedures establish drainage of the infected bene 
and result in discharging fistulas. The outcome may be complete 
healing, healing with persistent sinus formation or the development of 
septicemia and subsequent death. Immediate operation is indicated 
when the child presents itself with an orbital, canine or alveolar abscess 
already formed. Drainage should be established through the mouth 
and through the maxillary antrum. During the chronic or indolent 
stage, further operation may be necessary to search for and remove 
any sequestra. 

In outlining otolaryngologic suggestions in pediatric practice, Dinten- 
fass‘ maintains that pediatricians should remember that the prime 
object is to assist Nature in the treatment of acute sinusitis and acute 
rhinitis. The local treatment of the nose should be mild and irritating. 
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He asserts that the less intranasal treatment the better. Ephedrine 
and other shrinking solutions, while they produce temporary relief 
from nasal stuffiness, have the great disadvantage of causing secondary 
relaxation of the vascular layer of the submucous tissue, with resultant 
bogginess of the turbinates, interference with the normal flow of mucus 
and disturbance of ciliary movement. Miller’ finds that the frequent 
use of inert liquid petrolatum in young children is contraindicated 
because of the danger of inducing lipoid pneumonia. Any surgical 
procedure should be undertaken in acute sinusitis only in the presence 
of some grave complication. The prognosis of chronic sinusitis in 
children is better than in adults when appropriate treatment is instituted. 

Parkinson® utilizes the lateral head-low posture for making the naso- 
sinal area available for treatment, and ephedrine in a physiologic vehicle 
in the treatment of the nose and sinuses of children. In the posture 
described by Parkinson the head is inverted laterally. The patient 
lies on his side with his head bent downward exactly sidewise, using 
the shoulder as a fulerum. Head-low posture in the treatment of the 
nose and sinuses makes available all important structures in the nose 
and permits treatment that is entirely free from trauma. Shea" insists 
that if the sinuses enter into the auto-immunization, a child possessing 
a normal group of sinuses obtains no help from cold serums, but a 
child with diseased or persistent infantile sinuses may need the help of 
a good vaccine. A modified autogenous vaccine made from the child’s 
secretions obtained during the first cold of the winter may be employed. 
The vaccine is administered throughout the severe weather, one or two 
doses being given to maintain immunity. Intrasinus vaccine seems to 
hasten the coagulation of the discharge and clinically may have some 
merit. 

Small doses of Roentgen rays, Rathbone!’ finds, appear to be a 
simple, safe and highly satisfactory method of therapy in chronic sinu- 
sitis in children. Over 700 children have been treated by him in this 
manner. Sinus disease in children is often masked by such complica- 
tions as cough, pneumonia, otitis media and asthma. Those cases 
reported as cured improved immediately after treatment and have 
been symptom-free 1 to 4 years since treatment, and the check-up 
Roentgen examinations showed normal sinuses. Cases reported as 
improved were those in which the local symptoms and sequele were 
greatly or entirely relieved, but the check-up Roentgen examinations 
showed some degree of sinus disease still present. Cases reported as 
not improved had little or temporary improvement in symptoms, and 
the Roentgen examinations revealed sinus lesions. 

Noau D. Fasricant, M.D. 
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EPILEPSY—PHYSIOLOGY AND THERAPY. 


ALTHOUGH it may not be apparent in the physician’s everyday 
activities, statistics show that epilepsy from the point of view of a disease 
entity surpasses any other single nervous and mental disorder in the 
number of its victims.'"* Novick® states that in the United States 
alone there are one and a half million persons subject to this illness. 
Lennox*™ is of the opinion that there are approximately a half million 
persons in the United States who are or have been subject to seizures. 
This number approximates the incidence of diabetes or active tubercu- 
losis. Forty thousand epileptic individuals are now confined in our 
state institutions, one-fourth in colonies designed especially for their 
care. The annual cost of care for these 40,000 individuals is approxi- 
mately eighteen million dollars. 

Of recent years very notable advances have been made in our under- 
standing of the pathophysiology of convulsive disorders and new phar- 
macologic agents have been developed. In this review an attempt will 
be made to present the outstanding features of these developments, 
which are of such import that every physician should be acquainted with 
them. 

It should be emphasized that epilepsy today is not regarded as a 
disease entity. Cobb* states, ‘It is a symptom of many cerebral dis- 
sases.”” He defines the condition as: ‘A disorder of the brain that causes 
repeated fits in which the usual functional abnormalities are: (1) 
changes in the electrical potentials as seen in the electro-encephalogram ; 
(2) partial or complete loss of consciousness; (3) nervous discharge into 
smooth muscle, striated muscle or glands, causing involuntary visceral 
or motor behavior.” Lennox’ is far more inclusive in his definition, 
including those who possess a characteristic “disturbance in the electro- 
chemical activity of the discharging cells of the brain.” 

In approaching any case of convulsive disorder the primary concern 
of the physician should be to determine if possible the factor or factors 
causing the disturbance. Routine complete physical, neurologic, 
psychiatric, physiologic, and laboratory examinations should be con- 
ducted, and in the event these disclose nothing, encephalography should 
be performed. Brain tumors, meningeal scars, endocrine disorders, 
emotional disturbances, toxic conditions, inadequate physique, and 
poor regimen must be treated individually. Lennox®™ states, ‘““The most 
dramatic relief from seizures that I have seen was obtained by patients 
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who never took medicine for them.”’ The cases in which no “sympto- 
matic” factors are found remain as a residuum denoted as “essential” 
or idiopathic epilepsy. 

A great number of physiologic investigations into essential epilepsy 
have been made of recent years. These have been well reviewed by 
Goldstein and McFarland.“ Many alterations in blood sugar, electro- 
lytes, carbon dioxide, and oxygen have been found to be physiologic 
after-products of convulsions rather than truly characteristic of the 
physiology of the epileptic individual. No clear-cut biochemical results, 
with the exception of a greater variability than that found in the normal, 
have been reported in epileptics. 

Gibbs, Lennox, and Gibbs have recently shown that the carbon 
dioxide content of individuals with petit mal is high on the days when 
the fewest seizures occur and low on the days when many seizures occur, 
and that grand mal occurs in afflicted individuals when the carbon 
dioxide of arterial blood is at its height. Extreme fluctuation in carbon 
dioxide values rather than constant abnormality is the rule in patients 
with either of these conditions. 

The most significant advances in the understanding of the physiology 
of convulsive disorders have come through the intensive work done in 
electro-encephalography. The background of this development was 
reviewed by Newman in these columns in 1938.5 This apparatus records 
potential changes arising from the brain, these normally varying from 
5 to 100 millionths of a volt and consisting in Alpha or “Berger rhythm” 
waves of 8 to 12 per second and Beta waves from about 18 to 30 per 
second, as illustrated in Chart 1. 

The electro-encephalographic tracing for each individual is quite 
permanently characteristic for him. We owe Gibbs and Lennox" for 
the bulk of present information regarding electro-encephalography in 
epileptics and their families. They have shown that each type of seizure 
is accompanied by a characteristic disturbance in the normal electric 
activity of the brain. The few seizures not accompanied by abnormal 
cortical rhythms were bizarre in their patterns. So positive are the 
findings that they permit of positive differential diagnosis between 
hysteria (which shows no abnormality in electro-encephalogram) and 
typical grand mal. The characteristic dysrhythmia for grand mal 
discloses waves appearing as sharp spikes with a frequency up to 25 or 
30 per second. In psychomotor attacks the rate drops to 3 or 4 a 
second with square flat top waves predominating, while in petit mal 
quick sharp spikes and slow round waves at a rate of 3 per second 
alternate. The three typical forms of electro-encephalographic dis- 
turbance are found regardless of whether the seizure is caused by brain 
tumor, cortical birth injury, disturbance of blood sugar, or calcium level, 
or constitutional instability of rhythm control mechanisms.** 

Although the abnormal rhythms are considered the cause of the 
seizures the fundamental disorder is not the abnormal rhythm but 
rather a defective control of rhythm. The sleep center presumably 
helps to regulate cerebral rhythms. Physical chemical changes in the 
body are likewise important. In the epilepsies the stability of rhythm 
control is poor so that any condition such as excitement, closing the 
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eyes, falling asleep, waking, or emotional upsets, which tend to produce 
rather sudden changes in normal rhythm are apt to precipitate seizures 
in these afflicted individuals. 

Not only do characteristic electro-encephalographic changes occur 
concomitant with seizures but they often occur extrinsic of any clinical 
evidences of an attack. These subclinical attacks are more frequent 
in petit mal than in grand mal. The former condition is sometimes found 
in individuals not suspected of having it and may even occur during 
sleep." Characteristic electrical crises of dysrhythmia appear in 
approximately 6% of normal control individuals and in 54 % of relatives 
of epileptic individuals. Lowenbach,® and Strauss, Rahm, and Barrera® 
have continued electro-encephalographic researches on the relatives 
of epileptics and reported similar observations. Subclinical tracings 
may be of the same pattern found during clinical seizure, diminished in 
duration and voltage, or reveal themselves through isolated abnormal 
waves of large voltage, having the form of single sharp spikes, a spike 
and rounded hump, or square or round topped slow waves. 


SAMPLE PATTERNS OF BRAIN WAVES IN VARIOUS CONDITIONS 


PETIT MAL GRAND MA PSYCHOMOTOR 


MONA 

FREE 
E THER-ALCOHOL SCHIZOPHRENIA 
LIGHT OEEP 
NN 
NORMAL 


CHART 1.—Schematic patterns of es encountered in various conditions 
Not only the frequency of waves, but ti relationship between slow and fast waves 
is significant. The uppermost row of curves indicates the pattern of brain waves 
during various types of epileptic seizures. The second row indicates the pattern in 
these same patients at times when they are free of seizures. The third row shows 
the pattern in patients under the influence of ether and of alcohol and a patient 
with schizophrenia. At the bottom is a portion of a normal curve for purposes of 
comparison. (Through the courtesy of Lennox, the tracings in Chart 1 are presented. 


Experienced electroencephalographers can now predict the occurrence 
of a seizure through careful study of the wave changes in a patient’s 
record. Abnormal rhythms commonly appear first in the frontal area 
but frequently they appear first in the parietal or occipital areas. 

The effects of various therapies on the electro-encephalogram have 
been studied, phenobarbital and bromide bringing about a decrease in 
the rate of cerebral rhythm, it being of value therefore in conditions of 
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abnormally fast rate, namely grand mal. Overdoses may decelerate 
cerebral discharges to the point of precipitating psychomotor episodes.” 
Petit mal rhythms may be precipitated by short periods of over- 
ventilation and often disappear while the patient is breathing air 
containing 3 to 7% carbon dioxide. Abnormal rhythms are greatly 
increased by insulin and decreased by glucose. Normal mental activ- 
ity tends to inhibit and unpleasant emotional states to augment the 
frequency of petit mal rhythms. 

The evidence of hereditary transmission of “paroxysmal cerebral 
dysrhythmia”’ is based not only on the findings in the electro-encephalo- 
grams of the relatives of epileptics™ but is fortified by the fact that the 
individual who develops seizures after injury has 3 times more near 
relatives with seizures than the non-epileptic.® Lennox, Gibbs and 
Gibbs" found that of the 50% of the relatives of epileptic patients 
showing cortical dysrhythmia, 2} % have or have had epilepsy, indicat- 
ing that those with a pre-disposition outnumber the clinical cases by 
20 to 1. They reason that since 0.5% of the population is epileptic, 
10% of the population is predisposed to epilepsy or a kindred disorder. 
The chance possibility of two pre-disposed persons marrying is one in 
a hundred, yet pre-disposition was found in both parents in 28% of 
their cases. It is therefore unwise for an epileptic person or one with a 
cortical dysrhythmia to marry a person who does not have normal brain 
waves. 

Diagnostic problems in epilepsy have been somewhat clarified 
with the advent of electro-encephalography. It must be emphasized 
that this is a highly technical procedure requiring expensive apparatus 
and trained personnel. The diagnostic procedure of giving the patient 
large amounts of water (300 to 500 cc. of water every 1 to 2 hours) 
combined with pitressin (.25 to .5 cc. every 4 hours for 10 injections) 
as proposed by McQuarrie®~* and others has proved itself to be fairly 
reliable. The advantage of this test is that it can be administered in 
practically any hospital and is safe if properly conducted. 

Nachtsheim* has reported that far smaller doses of metrazol are 
required to produce a generalized convulsion in epileptic animals than 
in non-epileptic animals and has proposed that this fact might be of 
diagnostic value in suspected epilepsy. Further studies may be neces- 
sary to determine the exact dosage limits which would permit a positive 
diagnostic statement. Experience with a few epileptics who have had 
metrazol treatment for other disorders gives the impression that 
these individuals require much smaller convulsive doses of the drug than 
do non-epileptic persons. 

The concept that practically all persons with epilepsy deteriorate 
has been challenged by Paskind and Brown who found that in a group 
of 304 epileptic persons, all of whom had had the disease at least 6 years, 
only 6.5% showed any deterioration. The statement that most text- 
book and standardized opinions concerning epilepsy have been based 
upon advanced committed cases and have not taken into account mild 
or uncommitted cases is pertinent. These authors conclude that 
constitutional differences reflected in both size and proportions are 
present in deteriorated epileptic patients as compared with non-deteri- 
orated ones. Clark*® and Bleuler®? have observed that abnormalities 
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prognosticating epileptic personality and deterioration are pres- 
ent in patients before the onset of any seizures. The non-deteriorated 
epileptic in general has fewer seizures, more and longer remissions, and 
the onset of his illness is later in life than in the institutional patient .°° 

Jasper and Nicols® and Hyland, Goodwin, and Hall*' have emphasized 
the possibility that reported subclinical seizures evidenced by electro- 
encephalographic tracings may be an important factor in the mental 
retardation and emotional disturbance seen in epileptic patients between 
or without attacks. 

Since ancient times, epileptics have been plied with practically 
every type of substance and therapeutic agent known to man, including 
powdered human skull, gall of boar, fried with urine, elks’ claws, liver 
of wolf, and so on.* Effective therapy in the last 100 years has con- 
sisted primarily in the dependence upon bromides and phenobarbital. 
Cohen, Showstack, and Myerson’ have divided the history of phar- 
macologic treatment of epilepsy into 3 epochs, the first beginning in 
1853 with the increasing use of bromides, the second in 1912 with the 
introduction of phenobarbital, and the third in 1938 when dilantin 
sodium was made available by Merritt and Putnam.*’* For 50 years 
after their introduction bromides held undisputed first place in the 
treatment of seizures. In 1899 the National Hospital in Queen’s 
Square, London, dispensed almost 2 tons of this medication.'® 

Although bromides have been abandoned by most clinicians because 
of the possible toxic effects, including clouding of consciousness, delir- 
ium, and skin manifestations, some experienced clinicians continue 
to use them to advantage. Pollock reports that in 96 cases he secured 
final remissions in 36% and remissions of over | year in 71.7% of his 
cases, some of these lasting as long as 10 years with a mean of between 
3 and 4 years. Excluding focal attacks he was able to stop seizures 
in 74% of his cases by using bromides. 

Novick® recommends that large doses of bromide be administered 
these patients and states,“ Bromide is probably the most effective anti- 
convulsant.”’ He has found the drug useful in those cases not respond- 
ing to phenobarbital. Although phenobarbital was synthesized!’ in 
1903 it was not used in epilepsy until 1912'° and its use in this country 
was first reported in 1920 by Grinker.'’ Since that time this drug has 
come to be almost universally used in the treatment of all forms of 
epilepsy. Individual dosage is very important in securing satisfactory 
relief. The drug has not been very effective in petit mal. Some indi- 
viduals have shown idiosyncrasy to it and in others adequate dosage has 
been impossible because of the stupor and clouding of consciousness 
which were produced. 

Southerland®™ has recently reported that in a group of institutional 
cases 85% had fewer seizures on phenobarbital, gr. I per morning, and 
sodium bromide, gr. XXX per afternoon, than when receiving pheno- 
barbital, gr. I, twice daily. Somerfeld-Ziskind and Ziskind®® report 
that by using phenobarbital alone they have completely relieved 79 % of 
48 patients from attacks. Robinson and Osgood* report that 37 of 
100 patients derived “marked benefit” from large doses of phenobar- 
bital. The average daily dose was 3} grains and the maximum 11} 
grains. Cohen, Showstack, and Myerson’ determined that the maximum 
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effective dose of phenobarbital was able to bring about improvement 
in 89% of 144 patients and a total seizure reduction of 68%. Cohen 
and Myerson® have been able to eliminate some of the undesirable 
sedative effects of phenobarbital by giving 5 to 25 mg. daily of amphet- 
amine sulphate without in any way diminishing the anti-convulsant 
effect of phenobarbital. This demonstrates the fact that phenobarbital 
is not dependent upon its sedative action for its clinical value in epilepsy. 

The ketogenic diet has been used for some years in the treatment of 
epilepsy, but due to the difficulties incident to having patients remain 
strictly on it, it has never been widely utilized. Helmholz?® after 15 
years’ experience with ketogenic diet in 404 epileptic children reports 
that 31% were rendered free of attacks and 16% definitely improved. 
Wilson® reports that the regimen has repeatedly failed to help in the 
therapy of extramural patients. 

Fluid restriction and dehydration regimen as recommended by Fay® 
did not yield good results in the Wilson clinic because of difficulty in 
securing cooperation in patients. This procedure has been quite gener- 
ally adopted but usually in conjunction with drug therapy. 

Of recent vears there has been used in England a barbituric acid 
derivative called prominal, namely N-methyl-ethyl-phenyl-malonylurea. 
A claim has been made that this drug has none of the unfortunate side 
actions of phenobarbital. Page“ reports having reduced the total num- 
ber of seizures in 10 of his patients by more than 50%. Millman*® 
after 5 years’ experience with the drug in an epileptic colony con- 
cludes that it is superior to phenobarbital in the majority of cases, that 
it is less hypnotic, does not diminish in efficacy over a period of 5 years. 

Methylene blue has been used by Kajdi and Taylor** in status 
epilepticus while neutral red and brilliant vital red have been used 
by Cobb, Cohen, and Ney® with encouraging results. Osgood and 
Robinson® report that brilliant vital red diminished the attacks in 
over one-half of 13 cases treated and had a greater anti-convulsant 
effect on petit mal than grand mal seizures. These dyes will probably 
have no widespread therapeutic acceptance or possibilities because of 
the manner in which they discolor the subject. 

The most remarkable and important chemotherapeutic agent to 
appear in the convulsive disorders since 1912 was developed under 
interesting circumstances in Boston by Putnam and Merritt in 1937.4 
They reported upon a reliable electrical method for producing convul- 
sions in cats and were able to establish convulsive thresholds within 
quite exact limits without notable injury to test animals. With the 
aid of this apparatus they proceeded to test the anti-convulsant activity 
of a rather large number of drugs and found, for instance, that sufficient 
sodium bromide to prevent a cat from walking would raise the convul- 
sive threshold about 50% while a similar dose of phenobarbital would 
treble or quadruple it. The most promising drugs found were diphenyl- 
hydantoin, acetophenone, and benzophenone. An interesting observa- 
tion was that barbiturates other than phenobarbital had very little 
anti-convulsant action. Dilantin and phenobarbital raised the con- 
vulsive threshold greatly at first but with continued administration the 
threshold fell to normal limits.** The drugs found most effective were 
those possessing the largest number of phenyl radicals. The structural 
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formule of sodium diphenylhydantoinate and phenobarbital are shown 
to aid in the understanding of the clinical relationship of these drugs. 


O 
CoH; —NH Cc N H 
( CO C=O 
Cc NH C N Na 
Phenylethylbarbituric acid Sodium diphenylhydantoinate. 


Further observations along these same lines were reported in 1938. 
At this time a number of convulsive drugs were also tested.*® Sodium 
diphenylhydantoinate was then subjected to extensive pharmacologic 
and toxicologic tests by Krayer*? and Kamm and Gruhzit.% The 
results were such that the drug was considered safe for clinical trial. 
Later in 1988 first clinical results were reported upon 142 patients 
treated for periods of 2 to 11 months.‘ Grand mal attacks were 
relieved in 58%, greatly decreased in frequency in 27%. Petit mal 
were relieved in 35% and greatly decreased in frequency in 49%. 
Psychic equivalents were relieved in 67% and greatly reduced in 33%. 
Toxic manifestations were reported in 15%. 

The widespread usage and acceptance of this agent has been based 
largely on the facts that it has no sedative effect, no serious toxic effects, 
and is a most effective anti-convulsant. Frost!’ on a basis of 3 cases, 
1 schizophrenic and 2 epileptics, has reported that the threshold to 
metrazol was not raised after administering dilantin. Goldstein and 
Weinberg,” however, report that in 19 epileptic patients given dilantin 
for 1 month or longer and then given metrazol the convulsive threshold 
was so raised that whereas before dilantin 52% of the individuals 
responded with seizures, only 7% responded after dilantin. 

Individuals who have been receiving other forms of medication 
and are being placed upon dilantin should not be suddenly taken off the 
one and given the other but the previous drug should slowly be with- 
drawn over a period of about a week during which the dilantin dosage 
is being built up. Dilantin at the present time is available in 1} grain 
capsules and } grain capsules and is best taken with or after meals 
because in some individuals the basic nature of the salt produces nausea 
when taken on an empty stomach. The usual procedure is to start 
adults with .3 gm. daily of dilantin (3 capsules) and after previous 
medication has been withdrawn to continue on this dosage until sufh- 
cient time has elapsed to determine its effectiveness. If it proves ineffec- 
tive, then the dosage is slowly increased to as much as .6 gm. daily. 

Sodium diphenylhydantoinate was approved by the Council on 
Pharmacy and Chemistry! in November, 1939, at which time the reports 
of 13 clinicians were presented, covering a total of 595 epileptic patients. 
In 404 of these patients the clinicians reported that this drug was the 
most effective of a number submitted. The drug was approved under 
the name Dilantin Sodium and accepted for inclusion in the New and 
Non-official Remedies with the provision that it not be recommended 
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for use by the general practitioner unless he is able to maintain close 
daily supervision of the patient and it is not to be recommended for 
treatment of those patients whose seizures occur only at long intervals 
unless phenobarbital is not effective or induces disagreeable side actions. 

Kimball and Horan* reported that in 55% of their 220 cases seizures 
were entirely controlled. They were modified or partially controlled in 
another 20% and there was no improvement in 25%. MceCartan and 
Carson™ were able to secure a complete cessation of grand mal con- 
vulsions in 79% of cases treated by them and a marked decrease in 
10.5%. Weinberg and Goldstein® report that in a series of 15 patients 
treated first with phenobarbital and then with dilantin the latter drug 
produced complete cessation of seizures in 40% and a marked marge 
tion in 13% of the cases. Numerous other reports have appeared it 
the literature, in general agreeing with the findings given above, the 
two major advantages of this drug being its greater effectiveness in 
controlling grand mal and psychomotor seizures and its absence of hyp- 
notic effect. The drug has had but small therapeutic value in petit mal. 

Several authors have been using combinations of dilantin and pheno- 
barbital in cases not responding satisfactorily to either with much better 
results than could be secured with either drug separately. Cohen, Show- 
stack, and Myerson’ found that dilantin alone did not exert as favorable 
an effect as adequate phenobarbital alone but disclosed a most striking 
synergism between phenobarbital and dilantin in combination, the 
reduction in seizure incidence bei ‘ing at least 50% above the most favor- 
able results obtained by either drug alone. They recommend the use of 
amphetamine sulphate for the untoward effects of idiosyncrasy on 
excessive dosage of phenobarbital, thus permitting the drug to be con- 
tinued. It is probable that in the future convulsive phenomena will 
be best managed by starting patients on phenobarbital and maintaining 
them on this if satisfactory relief can be secured on sub-toxic doses and 
that if, by the addition of amphetamine sulphate, satisfactory relief 
can be maintained, the patient will be kept on this regimen. Those 
showing stupor, drowsiness, loss of energy, or failure to respond to the 
drug will then be tried on dilantin or a combination of these two drugs. 
No general statement can be made regarding dosage of drugs and each 
case must be individualized. 

Numerous minor toxic effects, including tremors, ataxia, and dizziness, 
have been observed in some 15% of cases by Merritt and Putnam.‘ 
A toxic dermatitis occurred in 5% of all their cases and non-thrombo- 
cytopenic purpura in one patient. The same authors*’* later report 
that an overdosage of the drug may produce drowsiness, ataxia, nystag- 
mus, and diplopia. An erythematous morbilliform scarlatinaform 
rash appeared in 5% of all their cases and one patient developed 
mild exfoliative dermatitis accompanied by fever and eosinophilia. 
Kimball and Horan* found that 10% of all children developed skin 
rash during the second week of therapy; 51 % of all cases showed various 
degrees of hyperplasia of the gums. The changes, however, were not 
characteristic of scurvy since the gums were firm and did not bleed. He 
felt that vitamin C metabolism was involved and the cases improved 
upon being so treated. Even without treatment the gums returned to 
normal if dilantin was stopped for as long as 3 months. He reports a 
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death in one patient taking dilantin due to gastritis with hemorrhage. 
The contention that these gum changes were due to deficiency of 
ascorbic acid was disproved by Grulzit.'® 

Several instances have been reported in which delusions and halluci- 
nations, excessive activity, and other psychic manifestations have 
resulted. Pratt*? reports toxic reactions in 73% of 52 patients treated 
by him, the most common being subjective tremulousness with a feeling 
of apprehension and tension, tremors, burning sensation in the eyes, 
blurring of vision, diplopia, dizziness, ataxia, nausea, and sometimes 
vomiting. These usually occurred within 3 to 10 days after treatment 
was begun. Five psychotic states were encountered in association with 
treatment. Mild gum hyperplasia occurred in 50% of the cases. When 
any or all of the above toxic symptoms occur the medicine should be 
completely stopped or markedly reduced in amount temporarily and 
may be reinstated after a short period, usually without a recurrence 
of the symptoms. The patient should be maintained on whatever other 
available anti-convulsants there are at hand when the dilantin is stopped. 

Coincident with the great mechanical, chemical, and theoretical 
advances that have come in the last few years in the field of convulsive 
disorder there is danger of a concomitant failure to remember that in 
the end we are treating patients and not convulsions. This fact was 
recognized by Jackson™ in 1855, reiterated by Clark, in 1922, and ably 
emphasized by Cobb this year. Social corrective, social constructive, 
psychiatric interviews and psychoanalytic therapies are considered by 
him as an essential part of the therapy of any epileptic patient. Such 
of these as are needed are supplied by the physician. In many of 
his cases he has been able to secure complete cessation of epileptic 
phenomena without or upon minimal doses of chemical substances by 
adhering to this policy. Wilson® has likewise emphasized the necessity 
of treating the patient and his environment if one is to discharge the 
obligations of a physician to an individual with any type of convulsive 
disorder. 

FRANKLIN G. Epauen, M.D. 
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The Effect of Tobacco Smoke and Nicotine Upon the Normal Heart 
and in the Presence of Myocardial Disease Produced by Coronary 
Artery Ligation: an Experimental Study in Dogs. Samvet BELLET, 
Ricuarp H. Meape, Jr., ALFRED KersHBAUM, and LEON SCHWARTZ 
(Department of Surgical Research and Robinette Foundation, Univer- 
sity of Pennsylvania, and Philadelphia General Hospital). The object 
of these experiments was to determine whether or not a difference in 
tolerance to tobacco smoke and nicotine exists in the normal heart 
as compared to hearts where myocardial damage was produced by cor- 
onary artery ligation. The unanesthetized dog was used in all experi- 
ments. The effects of inhalation of tobacco smoke and nicotine in 
various doses on the electrocardiogram of the normal dog was first 
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determined. Myocardial damage was then produced by ligation of 
the anterior descending branch of the left coronary artery and its accom- 
panying vein. Such a preparation presents the opportunity for study- 
ing the effects of nicotine in the presence of acute infarction (1 to 4 days), 
subacute infarction (5 to 11 days) and chronic infarction (after 18 days). 
Following the inhalation of tobacco smoke, considerable variation in 
the electrocardiographic effects were observed at different times in the 
same animal. This was apparently the result of differences in absorption 
because of variations in the depth of inspiration. Since nicotine is the 
chief ingredient responsible for the toxic effects of tobacco smoke and 
in order that the amount absorbed could be definitely controlled, 
nicotine injected intramuscularly was used in our later experiments. 
It was found that the electrocardiographic changes were identical to 
those produced by inhalation of tobacco smoke. The electrocardio- 
graphic effects were graded as slight, moderate and severe, depending 
on the 7 wave changes and the characteristics and duration of the 
resulting arrythmias. 

It was found that normal animals were able to receive doses from 
0.2 to 0.8 mg./kilo with development of relatively slight electrocardio- 
graphic effects. Following coronary ligation, severe effects were 
observed with a dose of 0.2 mg./kilo in most of the animals in the acute 
stage. These effects became less marked as the chronic stage of infarc- 
tion was reached. However, the effects were more marked in the chronic 
stage than in the normal control. A parallel apparently existed between 
the severity of the electrocardiographic effects and the grade of myo- 
cardial disease. 


The Action of Quinine Methochloride and § Erythroidine in Human 
Subjects and a Method for its Quantitative Determination. A. M. 
Harvey, R. L. Mastanp, and R. 8. WicTon (Eldridge Reeves Johnson 
Research Foundation and the Institute of Neurology, University of 
Pennsylvania). A new method has been developed by which the action 
of drugs on neuromuscular function can be studied quantitatively. 
It consists in recording the action potential of an entire muscle during 
maximal stimulation of its motor nerve. 

Recording electrodes are placed on the skin over the tendon and belly 
of the abductor digiti quinti muscle, and the ulnar nerve is maximally 
stimulated, above the elbow, by means of condenser discharges. The 
resulting muscle action potential is the summation of the action poten- 
tials of all the individual fibers, and its size is proportional to the num- 
ber of fibers contracting. Changes in its size during the administration 
of a curarizing substance are proportional to the degree of neuromuscular 
block effected. 

The curare-like effect of a given dose of either quinine methochloride 
or 8 erythroidine depends largely on the rate of injection, as both are 
rather rapidly destroyed, and their action is of short duration. During 
injection there develops first ptosis and weakness of the extrinsic ocular 
muscles. At this time there is little obvious weakness of the somatic 
muscles, but when the ulnar nerve is stimulated repetitively, the suc- 
cessive action potentials of the muscle show an exponential decline in 
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size. A single response is reduced in amplitude and is followed by a 
long period of depression lasting over two seconds. 

The changes in myasthenia gravis have been found to be entirely 
similar to those produced by partial curarization in the human subject. 

A Method for the Measurement of Intra-intestinal Pressure and its 
Clinical Significance. W.Q. Anport, H. K. Hartung, J. P. Hervey, 
F. J. InGevrincer, A. J. Rawson and L. Zerze. (Gastro-Intestinal 
Section (Kinsey-Thomas Foundation) of the Medical Clinic, and the 
Johnson Foundation of Medical Physics, Hospital of the University of 
Pennsylvania). A method has been devised for measuring the pressure 
in the human alimentary tract simultaneously at several points along 
its length. Small metal capsules, each containing a flexible diaphragm, 
are attached at suitable intervals to a rubber tube, which is then swal- 
lowed by the subject. The diaphragm of each capsule carries an electric 
contact arranged to close when the pressure inside the rubber tube has 
been adjusted to equality with the pressure outside the capsule. The 
pressures necessary to close the circuits to the various capsules are 
determined automatically at intervals of 2 seconds and recorded on a 
slowly moving paper, giving essentially continuous traces of the pressures 
in the gut at the locations of each of the capsules. 

This method has proved to be clinically practical. It is no more trying 
to a patient than a duodenal drainage. It is particularly adapted to 
the study of the full rather than the fasting digestive tract. When 
used in conjunction with fluoroscopy it makes possible a correlation of 
the movement of contents with the pressures causing the movement. 
Ordinarily a basal “‘tonus pressure’’ is easily detectable in the gut lumen 
with waves of variable amplitude superimposed upon it. In the upper 
small intestine tonus pressures of 11 to 15 em. H,O are commonly seen 
with rises to 20 or 30 cm. as waves pass, and occasionally even to momen- 
tary peaks of 50 or 60 cm. The waves and the tonus level may vary 
independently. The results obtained so far suggest that a valuable 
insight into the mechanism of symptom production and the effects of 
treatment may develop from the application of this method. 

The Mechanism of the Storage of Iodine in the Thyroid and the 
Passage of the Thyroid Hormone to the Tissues.* J. F. McCLenpon, 
W. C. Foster and W. G. KirkLanp (Department of Physiology, 
Hahnemann Medical College). Goiter occurs in all parts of the world 
but varies inversely with the distribution of iodine.t In very goitrous 
countries congenital goiter is the rule and congenital weakness is one of 
the signs of cretinism just as it is in animals. Goiter may be produced 
in animals by lack of iodine in the diet. Goiter varies inversely with the 
iodine content of cabbage as well as of other foods. Although thyroxine 
is the active ingredient of the thyroid hormone, thyroglobulin (of molec- 
ular weight 700,000) without iodine is formed first and the tyrosine is 
partially changed to thyroxine. The tyrosine + diiodo-tyrosine + thy- 
roxine content of thyroglobulin (calculated as tyrosine) remains constant 

* Aided by a grant from the Elizabeth Thompson Science Fund, Boston. 


t McClendon, J. F.: Iodine and the Incidence of Goiter, Univ. of Minnesota 
Press, 1939. 
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at 3.4% whereas the thyroxine content varies from an average of 0.82 % 
for “normal” to 0.02% for goiters not subjected to iodine medication. 
Thyroglobulin was forced out between cells by centrifugal force of 
200,000 times gravity. 

The thyroxine + thyroglobulin-iodine content of blood and tissues 
was determined by powdering the tissue, extracting with methanol and 
acetone and analyzing the residual iodine by a platinum combustion 
tube, electrometric method. Added thyroxine and thyroglobulin were 
recovered but added diiodotyrosine and potassium iodide were com- 
pletely removed by the extraction. 

From a study of the blood and basal metabolic rates of 333 patients 
and of tissues of numerous autopsies, we have found that for every 
microgram of thyroxine iodine in 100 cc. of blood there is about 1 mg. 
of thyroxine in the body of the adult. These values are related to the 
metabolic rate in percentage of normal averages as follows (correlation 
coefficient +0.627): 

Basal metabolic rate 
Micrograms thyroxine io- 
dine in 100 ec. blood 


Milligrams thyroxine in 
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The active ingredients in Hepvisc are 
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liver substance and insulin-free pan- 
creatic substance. Many physicians 
prefer use of this combination to de- 
pressing drugs. 


Clinical tests prove that Hepvisc re- 
duces high blood pressure, often to a 
marked degree, and keeps it down dur- 
ing the period of its use. In addition, 
this hypotensive effect persists for weeks 
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many cases. 

In over 80% of cases, Hepvisc relieves 
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Hepvisc for safe, effective and prolonged 
action. 
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The Jefferson Medical College of Philadelphia 


The One Hundred and Sixteenth Annual Session Begins September 18, 1940, 
and ends June 6, 1941 


FOUNDED 1825. A Chartered University since 1838. 
Graduates 16,569. 


FaciLitieEs: Modern, well-equipped laboratories; Curtis 
Clinic; Daniel Baugh Institute of Anatomy; Department 
for Diseases of the Chest; Jefferson Hospital; teaching 
museums and free libraries; instruction privileges in three 
other hospitals. 


ApMIssIoNn: A college degree based on four years of col- 
lege work including certain specified science and language 
courses is required. 


For full information, address The Dean, The Jefferson Medical College, 
Philadelphia, Pa. 
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